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PREFACE 


This book has grown from lectures 1] have delivered several 
times at the State University of Leyden and in the Spring of 1953 
as visiting professor at Duquesne University, Pittsburgh. 1 have 
undertaken the burden of preparing the manuscript, hecause it be- 
came clear to me that my audience as well as others were sincerely 
interested in its contents, but especially because to the best af my 
knowledge there are very few books in which the problems considered 
in this study are piven any extensive consideration. Whatever hesi- 
tation remained in me was overcome under the gentle prodding oi 
the editor of Duguesne Srmpirs, 

This book will appear in two volumes, The first, which is the 
present volume, considers science in general, while the second, which 
is in preparation, will be concerned with the problem of the division 
of the sciences and the proper nature of the various groups of 
sciences. 

In preparing the definite text and making the manuscript ready 
for the press I have been greatly assisted by Fr. Henry J. Koren, 
CS.Sp,, Professor at Duquesne University, who bas contributed 
already so much to the publication of the other works that have 
appeared in this series. Witt respect to this volume he fuliy 
deserves the title of collaborator. Not only has he taken care of the 
definite English text, adapting and completing its contents where- 
ever necessary according as needed by the English-speaking reader, 
but in addition his pertinent remarks have been a valuable contribution 
to the writing of this book. For this collaboratiou and especially for 
his unfailing friendJy readiness to be of service 1 wish to offer him 
here my wholehearted thanks. However, the whole responsibility 
for the contents of this work is mine. 

it is my sincere hope that this hook wilt really All a need and 
receive the same favorable reception as my previous publication in 
this series, 


Leyden, December 1955 


Dr. P. Henry van Laer 
Professor at the State University of 
Leyden (Netherlands) 
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GENERAL INTRODUCTION 


The Title of this Book, The tile of this book Puitosopry oF 
Science and the subtitle of the first volume Scrence IN GENERAL 
may give rise to misunderstanding unless sorme explanation is added 
because of the ambiguity of the terms, especially that of the term 
‘science’, which is used in many senses. It is impossible to define 
exactly in a few words what is meant by these terms in this book, 
Any defiuition would require new explanations because of the ambi- 
guity or analogy of the terms used to clarify matters, f will therefore 
abstain from any effort to explain in this introduction the exact 
meaning attributed to the terms used in the title. For that matter, 
the extensive table of contents preceding these pages is sufficient to 
give the interested reader a satisfactory idea concerning the subject 
matter treated in this work. I will therefore restrict myself in this 
introduction to a few brief remarks to indicate the main lines followed 
in this study and to prevent certain misunderstandings that could 
easily arise. 

Tn the first place, I want to point out that the term ‘science’ is 
not restricted here to the physical sciences, as is usually done in 
English and French scientific lterature, but is used in a very broad 
sense—namely, for science in general as weil as each and any special 
science, no matter what its nature be, including thealogy and phi- 
losophy. If in particular chapters restrictions are made in the use 
of the term, this will always be justified and wherever possible indi- 
cated by the addition of a qualifying noun. Although the term 
‘science’ is used in a very broad sense, a large number of the examples 
illustrating the text will be borrowed from the physical sciences. The 
reason is, first of all, that because of his former studies the atithor 
is most familiar with this domain, but also that the physical sciences 
often reveal most clearly the typical features of science. 


Division of this Study. As every branch of philosophy, the phi- 
losophy of the sciences must devote itself to the miore profound 
problems that arise in the realms of the sciences in question—problems 
therefore that cannot be considered within the domain of a definite 
specialized science. The philosophy of science is concerned, first of 
all, with the phenomenon of ‘science’ in general, It asks what is 
meant by ‘to know' and ‘science’. Next, it devotes itself to certain 
general characteristics of the sciences, such as abstraction and neces- 
sity, general considerations regarding the obicct and foundation of a 
science, the study of general scientife methads, and the critique of 
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the value and importance of scientific hypotheses and theories. These 
and other similar problems will be discussed in the first volume of 
this work under the title Science IN GENERAL. 


In the second volume, whose title is A Stupy or THE Division 
AND NATURE OF Various Groups or ScIENCES, we will devote cur 
attention te a consideration of important groups of sciences, such as 
theoretical and practical sciences, ideal and experiential sciences, 
natural and cultural sciences. Such groups of sciences will he studied 
according to their character, object, structure, limitation, method, etc. 


Relation to Epistemology and Logie, Accordingly, the philosaphy 
of science, as it is conceived here, is not a philosophy of knowledge 
or epistemology, Epistemology ts primarily concerned with the 
problem of man’s knowledge; the difference between sense cognition 
and intellectual cognition; the objective value of human knowledge; 
and the philosophical views of this value, such as realism, idealism, 
empiricism, etc. Thus the object of the philosophy of science, in the 
sense in which the term is used here, differs from that of the philos- 
ophy of knowledge, Of course, this does not preclude that occasionally 
questions or conclusions of the philosophy of knowledge will enter 
into our discussions, for by its very nature the philosoplry of science 
is intimately connected with the philosophy of knowledge—so inti- 
mately even that several problems treated in this book are considered 
by others in connection with the philosophy of knowledge, 

Sometimes also, part of the subject matter dealt with here is studied 
in more extensive treatises of logic. This is not surprising when it is 
taken into consideration that logic is the philosophical discipline which 
provides the nornis of human thought and devotes itself especially to 
the way man’s thoughts proceed from the known to the unknown. 
Accordingly, a major study of logic will formulate also general direc- 
tives to be followed in scientific work. Thus with respect ta a major 
part of its cantents the philosophy of science may be considered as a 
continuation and extension of logic. Nevertheless, as will become 
clear in the reading of this book, the majority of the problems dis- 
cussed here are given only secant attention, or even none at all, in the 
standard warks an logic. 


Remarks Concerning the Way of Treating the Subject Matter. 
Throughout the work we have assumed the realistic viewpoint, which 
in our opinion is the only one that can be philosophically justified. 
This viewpoint implies that we accept the existence of a real world 
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independently of our thought, and that our cognitive powers suvply 
us with a trustworthy, although analogous, picture of this world. 
Deviating views regarding the nature of hunian knowledge will be men- 
tioned occasionally when for special reasons it seems to be useful; 
eg. in the stady of scientific induction and the chapter concerning 
hypothesis and theary, 

In general, no attention, ar almest none, is paid in this work to 
the subjective elements that enter into the study of science, the 
psychology of the nian of research, the influence of all kinds of idevlo- 
gies, the responsibility of the scientist with respect to the practical 
application of his scientific ciscoveries, and other similar questions. 
Moreover, the author was compeHed to restrict Limself bach ia the 
development of the problems considered and the choice of these prob- 
lems, because otherwise this work would have become teo voluminous. 
It is not to be expected that the actual choice of problems and the way 
they are treated will please every reader. Quite a few perhaps will 
look in vain for subjects in which they are especially interested, while 
attaching no importance to certain problems considered here, Like- 
wise, the nlethod Jollawed will certainly not meet everyoue’s approval. 
There is no escape from this. Nevertheless, an anther must have the 
liberty to select his problems and method in accordance with his own 
sphere of interest und his view of existing necds, For this reason I 
trust that, notwithstanding all its deficiencies and shortcomings, this 
book will receive a kind welcome. 


References. Tt goes without saying that this study is not original 
in all respects, Every book has its own pre-history. As soon as one’s 
interest is aroused in a definite subject or a number of specific prob- 
lems, one will try to arrive at a more profound understanding by 
studying already existing works. Elements whose origin may be 
remembered or have been forgotten are assimilated with one’s own 
views and integrated into the results of one’s own reflection. Thus it 
will often be no longer possible to express by means of references to 
what extent one has depended on others. Nevertheless, T have tried 
as much as possible to indicate where J have made use of otker pub- 
lications, However, I want to niake special mention here of a few 
books which have been a great aid to me in the first preparation of 
my lectures in the philosophy of science. They are the following: 
Dr. J. T. Beysens, Logica or DrenKieur, Wassenaar, 1923; Dr. 
J. HE. J. Hoogveld, Isirimine ror pe WIyskEGEERTE, vol. J, revised 
by Dr. F, Sassen, Utrecht-Nijmegen, #1947. 


SCIENCE IN GENERAL 


CHAPTER ONE 


THE VARIOUS MEANINGS OF THE TERM ‘SCIENCE’ 


1, The Terms ‘Science’ and ‘To Know’ 


The Term ‘Science’, The English term ‘science’ corresponds to 
the Latin scientia, which is derived from tle yerh scire, to know. 
Contrary to what is the case in Greek, Latin, and many modern 
languages with respect to the corresponding terms, in English there 
is no etymological connection between ‘science’ and ‘to kuow’.! Never- 
theless, one should keep in mind that there is an objective con- 
nection between the contents of the terms ‘science’ and ‘to know’, 
for all science consists in knowing, although not every form of know- 
ing can qualify as science. Both terns too are analogous, ie. bath 
are used to express meanings which are partly the same and partly 
different. 


The Meening of ‘To Know’, In general, one may say that ‘to 
know’, both in the sense of the French savoir (German wissen, Dutch 
weten) and in that of connuitre (kennen), is an activity of living 
beings endowed with an intellect and/or senses, by means of which 
they are capable of representing the extra-mental world in them- 
selves. A knowing being is a being which is able to have in itself the 
presence of some other thing precisely insofar as it is another thing. 
According as this presence terminates on the level of the senses or that 
of the intellect we distinguish two modes of knowledge: sensitive 


Greek epéstéwié and epistamai; Latin scieniia and seire; Gertnan Wisses- 
schaft and wissen; Dutch welenschap and weter, Tt is to be noted aiso that 
in many janguages there ace two verbs currespanding to the English verb ‘to 
know': Greek cpistamet and gnéskd; Latin seire and somsse; French savoir 
and connaitre; German wissex and gennen; Dutch wetes ev Xeunen; Lalian 
sapere and conuscere; Spanish saber and coneecr, Thete is a difference in 
meaning between these two verbs. Connetire, kenuen, etc. gerecally are ised 
to indicate sense cognition, and intellectual cognition enly if there is question 
of knowledge of cancrete objects. Savoir, wissen, ete., on the other hand, are 
used to indicate intellectual knowledge with insight; they may be exterded to 
sense knowledge if in this sense knowledge one considers an aspect that bas a 
certain analogous resemblance to man’s knowledge with intellectual insight; 
for instance, the French wilt say that a bird ‘seit’ how to build its nest, 
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knowledge and intellectual knowledge. Irrational animals are en- 
dowed with only the first mode of knowing, whereas man is capable 
of knowing in both ways.® 


Z. Sensitive and Intellectual Knowledge 


Sensitive Knowledge. In both man and animal there are vatious 
faculties of sensitive or sensorial knowledge. Usually five extermal 
senses ate enumerated: sight, hearing, taste, smell, and touch. In 
addition, it is traditional to distinguish four internal senses; the 
central sense or common sensitivity, imagination, sense memory, and 
the estimative sense. By means of these various faculties of sensitive 
knowledge an animal knows its food, surroundings, the suitability of 
certain materials for building its nest, etc. Man also knows in a 
sensitive way; eg. extra-mental reality as to its sense-perceptible 
aspects, his internal sensations, imaginations, etc. 

In general, we may say that sensitive knowledge is concerned with 
things in their individual concreteness: this particular tree or that 
particular house with those determinate sense-perceptible qualities is 
reached, The knowledge obtained by means of the senses finds its 
culminating point on the sensitive level in an image produced hy the 
imagination, the so-called pAantasm, 


Intellectual Knowledge. Al! intellectual knowledge is commonly 
referred to a single supra-sensitive faculty of knowledge, called the 
intellect, which is not found below the level of man. It is by means 
of this faculty that man reaches extra-mental reality on the abstract 
or universal level. No longer is knowledge limited to particular 
objects in their concreteness, but the intellect rises above concrete 
individuality and seizes the common nature which lies concealed, as it 
were, below its extra-mental realizations. The nature seized in this 
operation of the intellect is expressed in an inteiectual image, called 
an fdea or concept, which forms the terminus of the first operation of 
the human mind. The action by which the intellect joins or divides 
the contents of two concepts as subject and predicate is called a 
judgment; eg., water is a liquid, bodies attract one another. The 


2It is beyond the scope of this study to enter into details about the nature 
of knowledge. The interested reader may be referred to ex professo treatises 
of rational psychalogy, philusophical anthropology, and epistemology, such as 
George P. Kiubertanz, The PAslosophy of Human Nature, New York, 1953; 
Heury J. Koren, Phe Philosophy of Animate Nature, St Louis, 1955; Fernand 
Van Steenberghen, £pistentofogy, New York, 1949. 
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process by which. the intellect derives a new proposition from two 
other propositions which have one coumrom term ts called an act of 
reasoning. 


3. Scientific Knowledge 


Its Requirements. It is obvious that riot just any kind of knowl- 
edge may be called scientific. To deserve this name, knowledge must 
meet certain requirements, They are the following: 


1) It must be on the intelfectuel level. This requiremicut is so 
elementary that any comment would seem to be felaboring the oli- 
vious, No matter how oiten a sensation is repeated, no matter how 
many objects are reached by the senses, sense-perception remains 
an experience of the individual in alt tts concreteness. fence the 
limitations inherent in sensitive knowledge as such prechtde it from 
ever reaching the level of universality implied by scientific knowledge, 


2) It must be certatn, at least if certainty is pasaible with respect 
to the object considered by the knower. If certainty cannot be 
obtained, one has to be satisfied, ut least provisionally, with knowledge 
that is merely prodadble. 


3) It must give an insight into the causes of the object wader 
consideration, Wence in order to be scientific, knowledge imay uot 
be limited to mere facts, but must embrace also the foundations and 
causes which account for the facts. The ideal woud he to know 
not merely the causes themselves, but to have knowledge al the 
causes gua causes, ie, to have an insight into the working of the 
causes in question. In many cases we know the factor or factors 
which must be considered to he active in a process and therefore 
its cause or causes in the ordinary sense of the term; yet we do not 
have an insight into the causal influence as such, For example, we 
know that somehow the mass of the earth ‘causes’ bores to be 
attracted by it, but we do not know exactly how mass causes this 
effect. 

Such a knowledge with insight into the causes certainly was the 
ideal Aristotle had in mind in his Posterior Analytics: 


We suppose ourselves to possess unqualified scientific knowledge 
of a thing, as opposed to knowing it in the accidental way in 
which the sophist knows, when we think that we know the cause 
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on which the fact depends, as the cause of that fact and of no 
other, and further, that the fact could not be other than if is 


Various Opinions Concerning Knowledge and Science, The terms 
‘knowledge’ and ‘science’ may be given different meanings in accord- 
ance with one’s general philosophic views concerning the value, 
nature, scope, and limits of human knowledge. A proposition such 
as ‘metals expand when heated’, no matter how simple and clear 
its meaning may seem to be, has an entirely different meaning ac- 
cording as one is a realist, an empiricist, a Kantian or a neo-positivist.* 
However, fascinating as the study of these various meanings may be, 
it is beyond the scope of our present discussion to enter into any 
details. Our own viewpoint is that of the realism which underlies 
Aristotelian-Thomistic philosophy. This viewpoint has at its dis- 
posal an impressive array of arguments for which, however, we must 
refer the reader to ex professa treatises of the matter.® 


4. The Various Meanings of ‘Science’ and ‘Scientific’ 


‘Science’ and ‘scientific’ are terms which may be used in an 
analogous sense to express various meanings. 


1. Ina subjective sense the term ‘science’ is used to indicate: 


a. The actwal operation of the human intellect by means of 
which at a given moment man understands or ‘knows’ a particular 
state of affairs in its foundation; in other words, by which one here 
and now has a particular scientific insight, for instance, into a 
mathematical theorem, a physical or a historical problem, Accord- 
ingly, what is meant here is, as the ancients called it, ‘scientia qua 
scitur’, ‘science by means of which something is known’. 


b. The Aabitual knowledge one has concerning a group of prob- 
lems or a definite realm of the data of experience, and the Aabttual 
ability to handle scientific problems of a ceriain kind. In this sense 
one may possess the science of chemistry, mathematics, or economies. 
In a sttil broader sense we speak of a ‘man of science’ or a ‘scientific 


3Post. Anal. 1, 2; 71b_9-12. Translation of the W. D. Ross edition of 
The Works of Aristotle Translated Into English. Quoted with permission 
of the Oxford University Press. 

4Cf. Andrew G, Van Melsen, From Atomos to Atom (Duquesne Studics, 
Philosapisteal Series, voi. 1), Pittsburgh, 1952, pp. 1698. 

5Cf for instance, Fernand Van Steenberghen, Epistemology, New York, 
1949. 
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mind’ with respect to one who enjoys the intellectual ability 10 handle 
scientific problems in general. 


2. In an objective sense the terms ‘science’ and ‘scientific’ are 
used to indicate that which is the abject of ‘science in the subjective 
sense’. Iq other words, they indicate tuat wiich ts grasped actually 
or habitually by intellectual cogiution and is, us it were, present in 
man’s mind and ready for further use, The ancients cailed this 
‘sctentia quae scifur’, ‘science which is known’. This is the mean- 
ing of ‘science’ it, such sentences as ‘in this paint his science is weak, 
but in that point it is strong' and ‘his scienve does not go that far’. 


3. The term ‘science’ is used alse to indicate the whole of cog- 
nitive activities, both intellectual and sensitive, by means of which 
man is able to acquire knowledge of himself and his surrounding 
world, In this sense the term is more or Jess synotiymons with ihe 
study of science. Taken in this way, ‘science’ may be placed alang- 
side or in contrast with other terns indicating other spheres of 
human activity; eg. faith and science, science and art, science and 
technique. This is the meaning of the term ‘science’ also in sentences 
such as ‘science is bound by the requirements of its objects and the 
human mind’; 'science must obey the laws of [ngic anc its own inner 
law’; ‘sctence has its Hmits'; ‘there is a certam amount of fashion in 
science’; ‘science has revealed many of the world’s secrets’; ‘science 


leads to God’; “to promate science’. 


4, ‘Science’ is used also as a collective noun indicating the whole 
body of men devoted to science, In this sense the term occurs, for 
instance, in the foliowing sentences: ‘science needs freecony ; ‘science 
has a great responsibility or a definite task with respect to society’; 
‘science must be objective and unprejudiced’. 


5. Very often the term ‘science’ is used to indicate a particular 
realm of human knowledge which shows a certain immer connection 


and can be distinguished fram other similar realms hy tneans of its 


proper characteristics. In this case the term indicates at the same 


time a particular system of interconnected theses in a specific reaim 
of knowledge which is the result of the study of science (science in 
the third sense} in a particular sphere. When this meaning is given 
to the term, it is possible to use it in the plural, for instance, inathe- 
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matical sciences, experiential sciences, physical sciences, This seuse 
of ‘science’ will be considered more in detail in Chapter Two. 


6. Finally, the terms ‘science’ and ‘scientific’ may be used with 
respect to something that in one way or the other is simply connected 
with science in any of the above-enumerated senses. For instance, a 
‘scientific’ book or a ‘scientific’ treatise is a book concerned with 
science in the fifth sense; a ‘scientific’ attitude is an attitude proper 
to science in the third sense; also expressions such as ‘scientific in- 
struments’, a ‘science building’, or ‘scientific management’. 


Remark. Jt may be useful to add here that the various above- 
mentioned meanings of science are all very closely related, so that 
the meaning intended in a given context can possibly be classified 
ander more than one heading. Moreover, as will be emphasized sore 
in detail in Chapter Two, one must never luse sight of the fact that 
in all its meanings the term ‘science’ implies a certain relation to 
man’s cognitive activity. ‘Science’ and ‘scientific’ are concepts which 
always refer, at least implicitly, to man and the specifically human 
activity of inteliectual cognition. 


CHAPTER TWO 


SCIENCE AS A SYSTEM 


Introduction 


The purpose of this chapter is to investigate the important char- 
acteristics of ‘science as a system’ in order to acquire an understand- 
ing of the structure of a science and thus to arrive at a suitable 
description or definition of this concept. <Accurdingly, when we speak 
here of science, we take the term in the sense given to it m no. 5 of 
the preceding section, 


The Human Character of Science. When science js taken in this 
sense, one thinks of the results of man’s study of science in a particu- 
Jar realm, results which as an interconnected whole of theses can he 
written down and possibly assembled into a book. ‘Thus science, con- 
sidered in this sense, would be able to have an objective existence 
outside man. Although in subsequent pages such a view of science ts 
not likely to cause difficulties, nevertheless it is good always to keep 
in mind that such an imaginary existence of science outside man pos- 
sesses hardly any meaning. Just as science in any of the other senses, 
so also science as a system is by its very nature unthinkable without 
its relationship to man. On the one hand, it is the result of human 
thinking; on the other, it has meaning cnly insofar as in the written 
or spoken language it can again become the spiritual possession of 
human beings, who in their own way assimilate and perhaps develop 
or modify the results others have obtained before them. Thus science 
as a system is not at all something rigid or static, but on the contrary 
itis a dynamic whole which is born and grows, is subject to all kinds 
af changes, and is developed in scope and depth in and through the 
intellectual activity of human beings. Taken in this sense, therefare, 
science is never something purely objective, but, as it exists in reality, 
ie. as it is possessed by man, it is always a web of subjectivity and 
objectivity. 

When there is question here of the sfructure of science, we mean 
the internal composition, given to it by huinan activity, which, on the 
one hand, is determined by the nature of the object studied and, on 
the other, by the way in which man is able to grasp this object 
inteHectually. 
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This important remark concerning the human character of sticuce 
should be kept in mind, for in the further development of our study 
this human aspect will not be all the time emphasized again, so that 
perhaps one will get the impression that we have not paid sufheient 
attention to it. 


Starting Point. In the study of science as a system our starting 
point will be taken from the provisional knowledge of scicnee pussesserl 
by anyone who is at least to a certain extent at home in the world of 
science, Such a person will know that there exist a number of sciences 
and that they differ in characteristics and importance. [ar exanyple, 
as sciences inay be considered theology, philosophy, physical science, 
astronomy, economics, ethnology, philology, psychology, biology, ete. 
We speak of positive and exact sciences, experiential sciences, physica! 
and cultural sciences. Hence the question arises as to what is common 
to all these sciences. What is the hasis which allows us to indicate 
all these systems and many others by the common term ‘science’? 
What are the characteristic traits which can be found in each and 
every science, the conditions which must be fulfilled before one can 
speak of ‘science’? In the following pages we will attempt to con- 
sider these characteristics and conditions in a number of brief remarks 
(1-7), Tt will become clear that some of the required characteristics 
are more concerned with the form of a science (1, 3, 6, 7) and others 
with its contents (2, 4, 5). 


1, Science Is a System 


It is clear that any knowledge te which the name ‘science’ is given 
must show a certain coherence. It must constitute a coherent whole 
of interconnected things and their parts that is appropriately ordered. 
An enumeration of unrelated facts or data, no matter how much each 
of them be worth knowing, does not give rise to a science. Later, in 
nos, 6 and 7, we will determine more exactly in what this systematic 
character consists and how it arises. 

Although this point is fairly obvious, nevertheless it needs to be 
stressed. Nowadays people are frequently held to be ‘scientific’ and 
‘intellectual’ if they are In possession of a large amount of informa- 
tion about almost any subject ander the sun, even if they have uot the 
slightest idea at all regarding the interrelationship of the things 
known, I cannot resist quoting here the warning sounded by Newman 
in the nineteenth century in his book Tur JpEs of 4 University. “An 
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intellectual man, as the world now conceives of him, is one who is 
full of “views” on ail subjects of philosophy, on alt matters of 
the day, It is almest thought a disgrace not to have a view at a 
moment’s notice on any question from the Personal Advent to the 
Cholera or Mesmerism. This is owing in great measure to the 
necessities of periodical literature, now so nttich in request. Hvery 
quarter of 2 year, every month, every day, there must be a supply, 
for the gratification of the public, of new and luminous theories, on 
the subjects of religion, foreign politics, home politics, ctvil economy, 
finance, trade, agriculture, emigration, and the colonies, Slavery, the 
gold fields, German philosophy, the French Finpire, Wellington, Pecl, 
Ireland, must be practised on, day after day, by what are called 
original thinkers. As the great man’s guest must produce his good 
stories or songs at the evening banquet, as the platform orator exhibits 
his telling facts at mid-day, so the journalist hes under the stern 
obligation of exteniporizing his fucid views, leading ideas, and nut- 
shell truths for the breakfast table. The yery nature of periodical 
literature, broken into small wholes, and demanded punetually to an 
hour, involves the habit of this exterapore philesaply.”* 

According to Newman, true science aust be a make-weight against 
the popular journalistic pseudo-knowledge which comes from news- 
papers, Sunday magazines hook reviews, etc. If he were alive today, 
he would undoubtedly add the radio, movies, and televiston.* 


2. A Science is Concerned with a Definite Field of Knowledge 


Notwithstanding all its capacities, the human intellect is not able 
to take hold of all knowable things under all possible aspects, In 
former ages it was possible for a few outstanding intellects, such as 
those of Aristotle and Albert the Great, ta dominate the whole of con- 
temporary science. It was possible to call a man like Albert the Great 
the ‘Universal Doctor’ and a contemporary could say of him: “Thou 
knowest whatever can be known”, “fotuar seibtte setsti’”, Yet, even in 
those times, certain branches of learning were clearly marked aft as 
autonomous or yuasi-autonomeus realms of knowledge. At an early 
date mathematics and astronomy, for exaniple, were considered as 
separate sciences because of the characteristic nature of their object 


IPreface, In the Longmans, Green & Co. ed. of 1947, pp. xxxvi £ 
2C# Charles If, Harrold in bis Jntreductivn & the above-quoted edition of 
Newman's work, g. xx. 
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and methods. According as im the course of time the total of ac- 
cumulated knowledge increased, and the development of tectinique 
offered new means of scientific investigation, it became increasingly 
clear that it was necessary to divide the immense reali open ta 
scientific knowledge into definite fields, each of which gave rise ta 
a special science. Regarding the methods which govern the demarea- 
tion of these definite fields of knowledge, they will be mentioned 
in the chapter concerning the object of the sciences (Ch. V). 


3. Science is Preferably Expressed in Universal Statements 


A mere description of the subject matter observed and studied 
does not constitute a science. Likewise, a mere enumeration of the 
problems which arise im a particular field of knowledge docs not 
amount to a science. For in both cases there is no manifestation of 
insight into the subject matter, which is required in any science. So 
efforts must be made to arrive at conclusions that are based upon an 
intellectual understanding and expressed in statements of the type 
‘so it is’ or ‘so it ought to be’. 

Jn general, every science tries to acquire an insight into the 
specific nature of things, their specific properties or activities, and alsa 
(he essential interconnection of phenomena according to their spectfic 
character, Thus the individual as such does not lie in the center of 
scientific interest, but only the individual insofar as it can be con- 
sidered to represent the specific. For instance, the physicist is not 
interested in this particular soutce of light or that particular magnet, 
this individual sample of water or helium, but in the properties of 
light, magnets, water or helium which he wants to define in universally 
valid statements. The process by which the universal is abstracted 
from the individual does not concern us here immediately, but will 
be discussed in Chapter Three. 

Nevertheless, it may happen sometimes that science is interested 
in individual and concrete objects or events; e.g. in astronomy, when 
the stn, the moon, particular planets, or other celestial bodies are stud- 
ied; in geology, when the earth is considered with respect to its 
actual appearance as a whole and in its parts; and above all in history. 
However, even in such cases what matters is usually not the individua! 
as such. Otherwise this type of knowledge would hardly rise above 
sense cognition. On the contrary, even in these cases an effort is made 
to discover universal aspects in the individual phenomenon or to ex- 
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plain the individual as a concrete Feri oF 
whose nature is laid down ta universal 2 


Thus we see that it belongs to the essence of seieuee tat uke 
resulis are expressed in waiversa! statements, i.e. las or rates ¢ 
ing that a definite species or genus ‘s hike Uits or oaghr te he lke 
this, Of course, the principles also upon whicis a scienee is baie. 
which may be borrowed from anodier scence 
general propositions. ‘lhe predicue of such peueral propositions, 
whether they serve as the stasling poinl or Jecunuale dhe resull af the 
science i question, can be amped to the suberdinaics of the subject 
in a distributive way. This makes it possitle to apply the know ledge 
obtained to new particular cases in a decduclive way (Cf. Ch. Vil, 
sect. I, no. 2). 


esse 


re expressed in 


4. The Statements of Sctence Must be True or Probably True 


The statements resulting from scientific rescarch nist be true and 
certain, at least if truth and certainty are within the reach of man 
with respect to the problem under consideration, it ts to be noted 
that truth and certainty are not the same, A slatcment is trie if ab- 
fectively it is in conformity with reality, ie, if it expresses the nature 
of things as they are independently of the considcralion of the 
mind. A statement is called certain or probable tor subjective reasons, 
ie. according as the mind adheres to the statement firmly, without 
any fear of error, or with a certain fear of being mistaken. With respect 
ta the truth of a particular proposition, the mind can pass through a 
whole series of states, from a mere conjecture or suspicion through 
a more or less firmly held opinion to absolute certainty, Although 
in general a proposition witl be true if we are subjectively certain 
of it, a subjective state of certainty with respect to a preposition 
that is objectively false is possible. In such a case we have to do 
with false ceriainty? 

With respect to scientific statements, the ideat is that they be 
true. If in a particular case this ideal is not within reach, then the 
statements will have to be at least probably true. Moreover, in the 
case of true statements we must be certain of dheir truth. 


3it is beyond the scope of this work to go inte further details concerning 
the nature of truth, certainty, probability, etc, The interested reader miay be 
referred to ex frofesso treatises of the matter, such as Van Steenberghen’s 
aboye-quoted Epistemelogy or that of P, Coffey. 
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5. Science is Concerned with the Essence, Foundation, Causes, and 
Finality of its Objects 


Not every system of universal statements regarding a definite field 
of knowledge constitutes a science. It is not sufficient that (he state- 
ments express things which are, their actual qualities, and their 
mutual interrelations, Ail this is necessary, but only as the starting 
point of further study which will have to give us an intellectual 
understanding of the foundation of these qualities, the nature and 
reason of their interconnection, and the causes of the phenomena. 
The concept of cause will have to be taken in the broadest pussible 
sense; hence it should not be restricted to efficient causes, but 
extended also to final, material, and formal causes. The last two 
kinds of causes constitute in their inseparable union the esserice of 
material things, the ‘formed matter’, while the final cause reveals 
itself in the inner finality of reality. In other words, the statements 
resulting from authentic scientific research will have to refer to the 
efficient causes of the phenomena, the essence of the things considered 
and therefore the foundation of their properties and activities, and 
finally their inner finatity, i.e. that aspect of their essence which gives 
us an insight into the coordination of the component parts into one 
common result. 

Because the statements of science refer to the specific or generic 
essences of things, a certain necessity will be implied in the expressed 
relationship of subject and predicate. The contingent element in the 
data of experience is removed from the cognitive content by means 
of intellectual abstraction. This process of intellectual abstraction 
which gives the propositions their character of universality is at the 
same time the foundation of the necessity present in the connection 
between the subject and the predicate of the propositions. This 
necessity may be of a different nature in accordance wiih the subject 
matter to which it refers. We distinguish metaphysical, mathematical, 
physical, and moral necessity. This point will be considered more in 
detail in our study of abstraction (Ch. HI, sect. IT, no. 3} and 
necessity in science (Ch, IV). 

Sometimes it is possible to grasp the cssential in a given concrete 
cognitive content immediately by means of formal abstraction. This 
happens, for instance, frequently in mathematics and philosophy. In 
the experimenttal sciences, however, often complicated research, called 
scientific induction, is required to penetrate into the essential core. 
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“We will return to this point in our discussion of scientific induction 
(Ch. VIIE), 


‘6 The Statements of Science Must be Logically Ordered 


Although the very terin ‘system’ more or fess implies a logical 
order, nevertheless it is worth stressing that, as is conasnly admitted 
_ by all, logical order is an essential requirement of science. The 
“7. statements and conclusions concerning the essences and causes of the 
abject in a definite field of knowledge may vot be enumerated in an 
* arbitrary way, but have to be arranged and classified according to w 
definite principle and following a definite method, 
Thus we understand why Newman hetd very strongly that 


The first step in intellectual training is to impress upon a boy's 
mind the idea of science, method, order, principle, and system; 
of rule and exception, of richness and harmoty,‘ 


Hence it is that critical scholarship is so important a discipline 
for him when he is leaving school for the University. 


Without critical training it is, indeed, impossihle for anyone to do 
serious scientific work, 

An essential clement of science itself must he the methadical 
arrangement and classification of its statements, from the very start- 
ing point to the conclusions, in accordance with a logical order, such 
as that from the simple to the complicated, or frum the known to the 
unknown. This order and classification are subject ta variation 
sccording to the method chosen by the investigator with due atten- 
tion for his purpose or the inner finality of science itself. Hence 
vatious methods of science can be distinguished, which are treated 
in the part of logic or philosophy that is called methodalogy. We will 
devote some consideration to them in the chapter concerning the 


methods of science (Ch. VIT). 


J. Science Must Explain its Investigations and Arguments 


To the six conditions enumerated above one more has to be added, 
Not any logically ordered collection of universal and true statements 
in a definite field of knowledge concerning the essences and catises of 
things constitutes a science or a scientific work. Science, as it is gen- 


40Op. cit, p. xxxv. 
SO). cit, p. xxxvi, 
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eraily understood, requires that there be a connection between the 
statements, so as to make it possible to arrive at a judgment regard- 
ing their justification, Accordingly, we must require of & science that 
its problems and conclusions be connected by means of an explana- 
tion of the investigation, research, and especially the argunients and 
demonstrations that have led to its conclusions, The sume is iniplied 
by St. Thomas when he describes science in the proper sense as knowl- 
edge acquired by means of demonstration. 


8 Descriptive Definition of Science 


According to the preceding considerations, in which we have made 
explicit what everyone accepts implicitly as the essential characteris- 
tics of science, we may now propose the following descriptive deft- 
nition of science as a system: 

Science is a logically ordered system of irue, or at least probably 
true, and universal statements concerning the essences, foundations, 
causes and finality of objects in a definite field of knowledge, with 
reference to the mnvestigations, arguments, and demonstrations upon 
which the conclusions are based. 


9. Further Division of the First Part of this Work 


Tn a science which fulfils the above-mentioned descriptive defini- 
tion it is possible to distinguish several constitutive elements or aspects 
which, for the sake of a better understanding of the character and 
structure of a scicuce, need to be developed more fully. ‘They are the 
following: 


1, An important element in the construction of a scienre is 
so-called abstraction. Because of the importance of this intellectual 
operation, a special chapter will be devoted to it (Chapter Three). 


2. The statements of a science have a character of necessity. This 
necessity will he considered in Chapter Four. 


3. Every science has a definite area of study which it considers 
from a definite point of view. Problems concerning this point wilt be 
discussed in Chapter Five, which deals with the object of science. 


4, Every science is based upon certain foundations, It has a cer- 
tain starting point and usually also certain presuppositions. They will 
be studied in Chapter Six. 


Science as a Syston 1s 


5, The logical structure and character proper to sciences require 
that certain methods be followed. The most inyportant af these scien- 
tific methods will be dealt with in Chapters Seven and Eight. 


6. The entire procedure of a science aims at investigating the 
objects in its field according to their essences, foundations, and 
causes. In this investigation it will often be necessary to start from a 
hypothesis concerning the probable foundations and causes. This 
hypothesis will have to serve as a basis of a theory in which the conse- 
quences of the hypothesis are further developed. The formation of a 
hypothesis is usually guided by certain analogous resemblances of the 
unknown phenomena to other, known, phenoniena, Hypothesis and 
theory, as well as the method of analogy leading to a hypothesis, will 
be the objects of our attention in Chapter Nine. 


7. In one way or another, every science has to prove its conc)u- 
sions. Therefore, a study of demonstration witl be necessary (Chapter 
Ten}. 

The differences that can be observed with respect to some of these 
elements and aspects give rise to the possibility of characteristically 
different sciences. Hence they can provide an oppertunity for a ra- 
tional and reasonable division of the sciences, which will be discussed 
in the second part of this work. This is an additional reason why 4 
more extensive study of these elements anct aspects is justified. 


CHAPTER THREE 


ABSTRACTION IN SCIENCE 
I. THE MEANING OF ABSTRACTION 


The notion of abstraction is extensively discussed in the textbooks 
of logic, to which I could refer the reader here. However, it seems 
desirable to discuss at Ieast those aspects of abstraction that are more 
important for the subject matter of this book, especially because they 
are often precisely the aspects which the textbooks consider only in a 
very sketchy way or not at all. 


Negative and Positive Aspects of Abstraction, The terms ‘ab- 
straction’ and ‘to abstract’ are analogous and therefore vary in 
meaning, although these various meanings are interconnected and 
partially have the same thought content, This common content has a 
twofold aspect, one of which is negative and the other pasitive. The 
positive aspect is to abstract something, ie. to extract or draw forth 
something that is going to be considered. ‘fhe negative aspect is 
to abstract from something, i.e. ta leave out of consideration those 
elements in the data of the senses to which no attention is going to be 
paid. Accordingly, we must call abstract any intellectual operation 
which is not concerned with the whole content of a sense datum but 
only with one aspect of it and leaves out of consideration the ather 
aspects or parts. Because of the very nature of our intellectual opera- 
tions, such an abstraction of 3 cognitive object from the data of sense 
experience will often take place quite spontaneously ; for instance, in 
the formation of intellectual concepts and that of many intellectual 
judgments. 


Different Types af Abstraction, In epistemology and logic several 
kinds of abstraction are distinguished, This distinction, however, is 
not based upon a principle that gives rise to a clear-cut division, but 
rather upon the different character which the positive and negative 
aspects of an abstractive operation may have. Accordingly, the dis- 
tinction of different types of abstraction often contains an element of 
suitability for a particular purpose which may vary from author to 
author, In consequence, one and the same kind of abstraction is 
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sometimes indicated by different names, and this casily leads te mis- 
understandings. 

Because of the scope of this study, 1 will restrict myself to a dis- 
‘cussion of tofal abstraction (Section IT}, forse! and analytic abstrac- 
tion (Section IIL), and stmphfying or idealizing abstraction (Sec- 
tion V). 


I. TOTAL ABSTRACTION 


i. The Meaning of Total Abstraction 


The first type of abstraction, which plays an indispensable role in 
the formation of universal intellectual concepts from the data of sense 
experience, used to be called ‘total abstraction’ by the medieval 
scholastics. Generally it is this type that is meant when in philosophy 
and especially in logic there is question of abstraction without any 
further qualification, 


Abstraction of the Specific Concept, All our knowledge, includ- 
ing that of science, takes its starting point in sense experience. But 
because of their materiality, the realities experienced, and therefore 
also the corresponding sense data, are individual anc conercte and 
consequently incommunicable, The abstractive power of the intellect 
strips these particular data of their individuality and concreteness, 
i.e. of everything which belongs exclusively to this individual concrete 
thing in these concrete condilions (negative aspect of abstraction), 
while that which is common to individuals of the same kind is seized 
(positive aspect} and expressed in so-called ‘abstract concepts’, 
which then can be used as the predicate or the subject of a judgment. 
In this way the intellect obtains concepts which because of their 
abstract character no longer refer to the individual and concret2 sense 
data from which they originated, but on the contrary have a universal 
character, i.e, are applicable to all individuals of the same kind. The 
result therefore of the total abstraction is the specific concept or 
logical species. Kecause of its universal character, this concept con- 
tains implicitly in itself as inferiors all the individuals which partici- 
pate in the specific essence, and tay be used as a predicate in a 
judgment of which the inferiors are the subject. 


Abstraction of a Generic Concept. lf in progressive abstraction 
the specific element also is left out, ane will obtain a cognitive con- 
tent that is still poorer, but therefore also wider in extension and 
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applicability. It is called a generic concept or a Joyical genus. Lor 
instance, by means of an intellectual consideration of human indi- 
viduals one obtains the concept ‘man’; by further abstracting from 
the specifically human element one reaches the generic concept of 
‘sentient living being’ or ‘animal’; if aext abstraction is made from 
the sensitive clement, the result will be the concept of ‘living being’, 
which is also a generic concept but af a higher rank. In this way it 
is possible by means of progressive abstraction to form a series of 
concepts which steadily decrease in content but continually increase 
in extension or applicability; for instance the series min—sentient 
living being---living being--miaterial thing. 

No matter how far this abstraction is pushed, the resuit will always 
be a cognitive content which represents a logical whole (a totwn), a 
group or class (a species or a genus) of things. For this reason we 
speak here of ‘tetal abstraction’. Because of the untversal character 
i of the concepts formed in this way also the term ‘snsversal ahstrac- 
I. tion’ is used. 


2, Total Abstraction Dues Not Falsify Reatisy 


Obviously, the content of an abstract concept represents reality 
only in an incomplete way—namely, insofar as the cognitive content 
does not contain the concrete individual particularities without which 
the thing does not exist. Nevertheless the concept may adequately 
represent the specific essence which is realized in @ particular way In 
the individuals of that species, and in this way the abstract concept 
indicates the whole object. For instance, the specific concept ‘man’ 
or even the generic concept ‘sentient living being’ refers to the whole 
man as he exists coneretely and mdividualiy, for there is nothing in 
the human individual that is uot human or not sentient-living. Ac- 
cordingly, a definition af ‘man’, which is applicable also to the indi- 
vidual human being, will always have to express the specific element 
and, cither implicitly or explicitly, also the generic element; for 
instance, man is @ sentient living being endowed with an intellect. 
Notwithstanding its abstract character, therefore, an abstract concept 
possesses a value for reality and does not falsify reality, although it 
is true that it does not adequately represent reality, 


3, Totat Abstraction, Universality, and Necessity 


As we have seen above, it is tutal abstraction which by leaving 
aside the concrete and individual particularities lays the foundation 
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for the universality of intelectual concepts and the possibibity of the 
judgments of the intellect. Accordingly, by atcans of total absiraction, 
which gives thought a universal character, the possibility is given 
to arrive at the universal validity of scientifte statements which was 
pointed out jn the third section of Chapter Two. 

All scientific knowledge is always expressed in propositions; first 
perhaps in singular propositions, when there ts question of expressing 
a concrete event occurring in individual things, but then in universal 
propositions, which are concerned with the specific or generic element 
of things. In the elaloration of acquired knowledge use is maéde of 
deductive reasoning processes which consist in chains of judgments 
and are expressed in a number of propositions. Pecause a judgment 
or proposition in general is mot conccivable without abstract con- 
cepts, at least insofar as the predicate is concerned, it wilt be manifest 
that without total abstraction no scientific activity would be possible. 

Universality implies the character of necessity, which therefore is 
proper to a universal statement—namiely, insofar as universality is 
an inseparable aspect of the specific essence that is formally seized 
by the intellect froni the data of reality, ‘Thus the necessity belonging 
to the propositiun is founded on the essential rclationship which the 
intellect discovers in the sense data by means of formal ahstraction. 
In other words, the necessity of the judgment (logical aspect) is 
based upon the inner necessity of things (ontological aspect}. The 
first is a consequence of total abstraction; the second follows from 
forma! abstraction, which will be considered in the next section 
(especially no. 4). 


4. Total Abstraction and the Division of the Sciences 


As we have seen above, total abstraction admits degrees insofat as 
first abstraction is made from the coricrete and individual, then from 
the specific, and finally, again in different degrees, from the generic. 
In this way a series of concepts arises whose content decreases steadily 
while its extension increases, Such a graded abstraction can be the 
basis of a subalternation or subordination of sciences ar branches of 
a science according to their object. For instance, hydromechanics and 
the mechanics of solid bodies may be cousidered a5 subalternates of 
genera! mechanics; the theories of light and saul are subordinated te 
the general wave theory. 


Remark. The above-mentioned subalternation of sciences is mat 
the only one that is possible and certainly not the most important. 
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More important is the subalternation of sciences according to prin- 
ciples, ie. if one science is based upon principles whose fonndatian 
lies in another science. Moreover, one may speak of subalternation 
when one science considers a secondary aspect of the object of anather 
science; for instance, animal ethology or the science of animal be- 
havior is subordinated to general zoology. However, we will not 
insist upon these subalternations. 


Il. FORMAL AND ANALYTIC ABSTRACTION 


i. The Meaning of Formal Abstraction 


Formal Abstraction i the Broad Sense of the Term. Asa matter 
of fact, any knowledge is an abstraction in the sense that not the 
whole object known is assimilated by the knower but only the know- 
able form, the ‘formal’ elements, without matter, Only the formal 
elements are capable of giving rise to a sensitive or intellectual image. 
For this reason philosophers speak here of format abstraction, This 
kind of abstraction occurs in both sensitive and mtelectual knowledge. 
In sense cognition the sensible form is abstracted from the datum 
of experience, and in intellectual cognition the intelligible form. 
Thus the concept of ‘abstraction’, taken in the formal sense, has a 
very wide range of application. Every sense formally abstracts a 
determined kind of sensible qualities, but abstracts from the others; 
the eye, for example, abstracts color and abstracts from sound, taste, 
hardness, etc. The intellect also can formally abstract a definite aspect 
of reality while abstracting from others. In considering a reat object 
a mathematical mind will look, for instance, for its spatial arrange- 
ment, universally valid forma] properties, or quantitative relationships ; 
a philosopher of nature will consider separately, e.g. the spatial or 
temporal aspects of material reality. There is formal abstraction also 
when a psychologist, for example, pays attention only to the char- 
acter or intellectual capacities of an individual and not to his external 
appearance. Accordingly, in formal abstraction also the two above- 
mentioned aspects occur—namely, the positive aspect that is formally 
abstracted from the concrete datum, and the negative aspect insofar 
as other ‘sides’ of a reality are left out of consideration. 


Formal Abstraction in the Strict Sense of the Term, The formal 
abstraction of the intellect, in the strict sense of the term, which is 
usually meant when philosophers speak of formal abstraction, char- 
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acterizes the intellectual mode of knowing. As has been pointed out 
in the preceding section, aur intellectual knowledge ultimately goes 
back to sense experience. But the data of sense experience as sucli 
are not suitable objects of the intellect, aud the same must be said 
with respect to the images formed by the imagination. Precisely 
because of their materiality the essence of material things is veiled 
and concealed from us and therefore unknowable in this condition. 
This material character is retained, although in a different way, in the 
sense images that arc fonned by the matcrial organs of the setises and 
the imagination. [tis only through a process of dematerialization (hat 
they can become suitable objects of the immaterial intellect and be 
expressed in jmmtaterial intellectual concepts. This demuaterialization 
is the negative aspect of the intellectual operation that is called formal 
abstraction. The positive aspect consists in this that through this 
operation the intelligible essential form: or another intelligible aspect 
of reality becomes the formal cognitive content of the intellect. 
Because this formal abstraction of tlhe intellect in and through the 
process of dematerialization removes also the cancrete and individual 
particularities of the object known, it is at the same time a total 
abstraction (cf. below, nv. 6). Thus it happens that it is aften pos- 
sible to apply to concepts or cognitive contents obtained through formal 
abstraction the process of generalization, which we first met with in 
total abstraction and which consists in ihis that concepts can be 
arranged according to decreasing content and increasing extension ; 
for instance, red, calor, visible quality, sense perceptible quality. 


Remarks. Man’s cognition is the activity of a single human being, 
although a sensitive and intellectual sphere can he distinguished in it; 
therefore, a conscious sense cognitive activity will always have a con- 
tinuation on the intellectual level by means of a spontancous absirac- 
tive operation that is both formal and total. In this way the intellect 
is capable of pronouncing a judgment on the actual cognitive object 
with respect to its whole essential form or a particular format aspect. 
In general, it will not be passible to separate the considered elements 
or aspects of the reality in question completely {rom thase that are leit 
aut of consideration. What is not explicitiy considered will often be 
implicitly present in the total content af cognition. 

When formal abstraction has the claracter of a direct intellectual 
vision of the object's essential aspects, as happens eg. in the dis- 
covery af the first principles in the realm of philosophy and mathera- 
ties (cf. no. 4}, the term tniuifive abstraction or also abstractive intut- 
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Hon can be used, the term ‘intuition’ being derived from the Latin 
intueri, to gaze at, to contemplate, to acquire insight, 


2. The Meaning of Analytic Abstraction 


A procedure in winch the parts or aspects of a whole are con- 
sidered separately and successively alongside one another amounts to 
an intellectual analysis of what is given in experience, If the emphasis 
is placed upon this analytic method of study, it is called also ‘unalytic 
abstraction’. Such an analytic abstraction is essentially a formal ab- 
straction-—namely, insofar as one selects every time a particular aspect 
of a complex object. Nevertheless, in practice a difference is made 
between formal and analytic abstraction, and this in the following way. 


a) The term ‘analytic abstraction’ is preferred when through suc- 
cessive formal considerations of the component parts or aspects of 
a whole one tries to obtain a more comprehensive view of this whole. 
For instance, in a green spherical object one may consider separately 
its green color, spherical shape, construction, elasticity, etc.; in a 
vibrating tuning-fork one may consider successively the vibration 
as a dehnite kind of motion, or as a source of sound, etc, 


b) Preference is given to the term ‘formal abstraction’ when there 
is question of an intellectual abstraction accompanied by insight into 
the abstracted cognitive content; while, on the other hand, the term 
‘analytic abstraction’ is preferably reserved for the abstractive opera- 
tion in which the considered aspects lie more on the sensitive level, 
and intellectual insight into the foundation or value of these aspects 
is wholly or partially absent. 


its Use. Analytic abstraction is made use of in daily life as well 
as in science; e.g. in making classifications and especially in statistics. 
A group of objects may be classified differently according as a differ- 
ent aspect is considered. For instance, a group of students nay be 
classified according to age, sex, religion, social background, type of 
studies, etc, Cases of cancer may be classified according to age, sex, 
social conditions, ete. of the patients or according to region, climate, 
soil conditions and similar factors. In this way it is possible to obtain 
statistical data that are useful for life and science. We wil} return 
to the question of analytic abstraction in Chapter Seven, where we 
will deal with complete induction. 
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Formal Abstraction Does Not Falsify Reelity 


Insofar as in formal abstraction the specific element, whether it 
be substantial or accidental, is grasped 23 the positive content ot cog- 
nition, tle result is, materially speaking, the same as that of total 
abstraction; hence I niay refer here to no. 2 af the preceding section, 
in which it was shown that total abstraction dues not imply a saiai 
fivation of reality. Of course, one should oat think thar in realiiv 
such an abstract cogtitive content exists as such ie. as Ht is present 
in the intellect, 

Likewise, there will he no falsification af reality when formal 
abstraction supplies only a particular part or aspect of a real chjcct 
as the content of cognition. True, in such a case the real object in 
guestion is considered only partially or in a limited respect, but 
nevertheless there can be an adcquate representation of this part or 
aspect of the abject, Of course, care should be taken to consider 
neither such partial views as intentional representations of the whole 
reality nor the whole reality merely as the sum total of the known 
aspects or parts. 

Because such a partial formal abstraction gives tise to a concept 
that is an intentional seizure of a definite aspect, while others are 
not considered and left hehind, it will be possible to defuie such a 
concept without making reference to the total essence or the non- 
considered aspects of the object. For instance, the coacest ‘color’ 
does not mention the object, say, the rose, apple, of paint, from whieh 
it has originated, and likewise says nothing about the other aspects 
or qualities of the objects, such as its shape, dimension or hardness. 
In a similar way the definitions of tnathematical concepts which are 
drawn from experience by means of frrmal abstraction are free 
from any elements that could remind us of these data of experience. 


4, Formal Abstraction, Universality, and Necessity 


Insofar as formal abstraction refers to the specific form, the 
result is, materially speaking, the same as that of the total abstraction 
considered in the preceding section. In such a case it gives rise to 
concepts that are really weiversal, and leads to universal judgments 
or statements which at the same time possess a character of necessity 
because they express an ontological relation which the formal abstrie- 
tion has discovered to exist in things, 
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As we will see in the chapter concerning scientific induction 
(Ch. VIII), in the experiential sciences it is often very difficult to 
discover the essential and to separate the ontologically necessary from 
the contingent. In these sciences formal abstraction is often reached 
only in a laborious way, through an extensive investigation by means 
of certain scientific methods, 

On the ather hand, there 1s also the remarkable phenomenon that 
the inteilect is sometimes able to have a perfect intuitive insight into an 
aspect of reality which is grasped by formal abstraction and to 
separate immediately the essential from the non-essentia] in an intel- 
lectual consideration of a single sense datum or phantasm. As was 
mentioned in No. i, in such a case the term ‘intuitive abstraction’ is 
sometimes used, The immediate result of such an abstraction is a 
universal judgment expressing a connection that is necessary and 
is recognized as such. In this way many general insights arise, at 
least implicitly, in the realm of philosophy and those of the math- 
ematical or formal sciences; for instance, general metaphysical prin- 
ciples, such as those of contradiction and causality; mathematical 
principles, such as ‘the extended is divisible’, ‘the whole is greater 
than a part’, ‘quantities of the same kind may be added to one another’, 
etc, In general one may say that the necessity proper to the math- 
ematical sciences is wholly based upon formal abstraction, Because 
a good understanding of the various modes of necessity iy very 
important, the next chapter will be devoted to this question. 


5. Formal Abstraction and the Division of tbe Sciences 


In subsequent pages there will be ample opportunity to point out 
the importance of formal abstraction in the philosophy of science. 
Here we want to make only a few remarks regarding the role which 
by its very nature formal abstraction must play in the division of 
the sciences. First of all, the formal consideration of always different 
aspects of the same object may give rise lo new areas of study having 
their own method, so that new sciences can arise, each with its own 
‘formal object’. The specification of sciences according to their 
format objects will be discussed in Chapter Five. 

Secondly, a difference in the nature of the forma! abstraction used 
in a science can even be the source of different scientific levels, and 
thus give rise toa division of the sciences according to levels of abstrac- 
tion. This question will be considered im section four of this chapter. 
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6. Formal and Total Abstraction 


It seems advisable to mudicate more fully the points of agreement 
and disagreement between formal and total abstraction, withaut, 
however, entering into a discussion of the differences pointed out by 
Cajetan and others. We will restrict ourselves to a few aspects that 
are iniportant for the purpose of thés study. 

In the first place, it is manifest that if the term ‘formal abstraction’ 
is applied to setise cognition, this means simply that the serises accord 
ing to their own nature will select from the alfered data of experience 
that which constitutes for then a suifahile cognitive object, white 
leaving aside the other sensitive aspects. This abstractive operation 
af itself produces only a concrete sensitive contelit of knowledge, 
but not an abstract concept; hence it would be meaningless to speak 
here of total abstraction. 

Likewise, there will be ta danger of confusing total and formal al 
straction when the term ‘formal abstraction’ is uscd to indicate the 
activity of one who intellectually makes an analylic investigation of the 
various aspects presented by a concrete datum of experience, such as 
this individual person according to his physical and mental structure, 
character, intelligence, etc. The same is true when a group of indi- 
vidual objects is statistically tabulated according to different aspects. 

Tt is only when there is question of the intellectual activity which 
grasps in a concrete datum the specific or essential elements—elenients 
having the character of universatity—that there is reason to reflect 
upon the agreement and dificrence between format ancl total abstrac- 
tion. In such cases it is possible that both activities wilt agree with 
respect to the result they produce, for im both cases the result is a 
cognitive content which is stripped of its material and concrete indi- 
vidual aspects and therefore expressable in a universal concept. Nev- 
ertheless, even in this case (here is a fonnal difference between the two 
activities insofar as they express the universal in different respects. 
The basis of the difference between formal and total abstraction Hes 
precisely in the owofoid aspect of the universal, namely, ils ontological 
and logical aspect.’ lormal abstraction seizes the datum of experi- 


1This chapter had been written before 1 happened to read the article "In 
Defense of Total and Formal s\bstraction” by Edward 1D. Simmons, The New 
Schelasticisn, vol. 29 (1955), ap. 427-440. Ln this article the author defends 
the Thomistic origin of the concepts ‘total’ and ‘for:val abstraction’, although 
the terms themselyes were first used in this sense by Cajetan and Jolin ot 
St. Thomas. In a very clear way the author distinguishes the two furms of 
abstraction. It is with pleasure that T have taken over a few ileas fron: his 
important article. 
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ence in its intelligible content, and in order to reach this content it 
i divests the nuaterial datum of its unintelligible wrappings and there- 
: fore also of the concrete and individual form in which it appears. 
The result is an intelligible content which represents the real datum 
with respect to its specific character and therefore, in point of fact, 
is universal in the ontological sense. 

Total abstraction, on the other hand, strips the sense datum of its 
concrete individual appearance—which really amounts to demaiterializ- 
ing it—and seizes that which individual things have in common, 
namely, the specific essence. The result is a universal concept in the 
logical sense, i.e, a concept which in its recognized universality con- 
tains the individuals representing it and thus constitutes a ‘logical 
whole’, so that the coutent of the concept is applicable to the indi- 
viduals as its logical inferiors. Both abstractions give rise to a 
universal concept, but in different respects. “Formal abstraction 
yields the universal gua intelligible, and total abstraction yields the 
aniversal gua universal {ie., gua communicable).”? The reason why 
with respect to data of experience both abstractions, materially spcak- 
aig, can lead to the same result is “that individuals of a spectes of 
physical beings are individuated by matter so that at least on this level 
partienlarity and materiality are coextensive’? 


IV. DEGREES OF ABSTRACTION 


Already in the Middle Ages the division of the sciences according 
to degrees of abstraction was the object of extensive scientific specula- 
tion; for instance in St. Thomas’ treatise tn Roethinon de Triuttate’ 
and his commentaters Cajetan and John of St. Thomas. Although the 
importance of these speculations is often minimized by modern 

authors, they have not lost anything of their essential value for the 

| division of the sciences, as will become clear in the following pages. 

: We will limit ourselves again to what ts necessary or useful for our 
purpose. 

There are several ways in which it is possible to abstract a formal 
engnitive content from the sense datum, so that forma! abstraction 


i Shoe. et, p. 434, 
| SLoc. cit, p. 438. 


iThe lean pert af this work has been translated into English by Armani 
Mauyer under the tithe The Division and Methods of the Sviences, Torotto, 
i953. The interested reader may be referred also to Andrew G. vati Melsen, 
Tie Philosophy of Nature, 2nd ed., Pittsburgh-Louvain, 1954, pp. 90-103. 
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can even terminate on clearly distinct levels. For this reason, in 
imitation of their mecieyal predecessors, philosophers speak of differ- 
ent degrees or levels of abstraction, 


1, First Level of Abstraction 


The real world around us consists of individual and concrete 
things. In forming intelectual notions of these things as perceived 
by the senses, man makes ahstraction frum concrete and individual 
matter, ie, he leaves out of consideration all that is concrete and 
individual {negative aspect) and formally draws forth from the sense 
data a specific or generic essence (positive aspect}. Thus we neglect 
the differences which mark and distinguish this man fram that man, 
and we positively extract the common essence, which enters into the 
definition of man, monkey, oxygen, electricity, or whatever else we 
are considering. The abstraction in question is at the same tire total 
and formal, as appears frum the considerations of Section IJ], no. 6. 

It should be noted that the cbject of scientific knowledge on this 
level of abstraction depends on matter not only for its ewistence, but 
even for its understanding.? A man, tree, water, etc. cannot exist 
without matter, and matter enters into Weir very definitto, at least 
implicitly, 


This mode. of abstraction is used in experiential sciences, especially - 


in the physical sciences. Physics, for instance, consifers heat, elec- 
tricity, magnetism, ete, without Leing particularly interested in this 
individual electric body, magnet, ete. gra individual, Because of its 
use in the study of nature (Latin: phystca), this first level of abstrac- 
tion is also called physical abstraction. 

Tn order to prevent misunderstandings, it may be useful to add 
that all simple experiential concepts are obtained by means of direct 
abstraction from the data of experience; e.g., concepts such as ex- 
tended whole, part, mau, iron, round, white, hard. Usualiy, the 
clarity of concepts obtained in this way is Umited; it may suffice to 
distinguish such concepts from one another, hut does not suffice to 
give a clear picture of the objective contents of the concept. Mast 
scientific concepts are not obtained hy direct abstractian from experi- 
ence. Usually they are cotnplen concepts, resufting: from yarious 
preceding judgments which were obtamed through scientific induction 
or deduction. For example, the concept of iron which the scientist 


translation, pp. 7 £ 


“In Borthiwa de Trinttate, ¥, 1) En 
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has is very different from that of a non-scientist. For a scientist, 
iron is a meta) haying a certain color, hardness, elasticity, conductivity 
of heat, definite magnetic properties, a specific weight of 7.9, an 
atomic weight of 56, definite chemical propertics, ete, All these 
characteristics enter into his concept of irou and arz the result ot 
scientific induction, However, it remains true that the clements 
themselves which enter into such a complex scientific cancept have 
been obtained through physical abstraction. 


2. Second Level of Abstraction 


Abstraction, taken in its negative aspect, may go further than 
just described and leave out of consideration all sensible conditions 
of a thing, all sensible matter, i.e. matter “insofar as it is subject to 
sense qualities, such as being hot or cold, hard or soft, and things 
of the sort’. In this way there remains, to be formally abstracted, 
quantity, in the double sense of continuous and discrete quantity, or 
extension and multitude or number. Although extension and mul- 
titude or number are abstracted from matter, they remain something: 
imaginable, something which our imagination can readily grasp. 
Quantity “can be considered in substance before the sensible qualities, 
in virtue of which matter is called sensible, are understood in it. 
Quantity, then, does not depend on sensible matter with regard to 
the nature of its substance, but only on intelligible matter’,* i.e. on 
“substance insofar as it is subject to quantity’> Thus the objects 
of scientific knowledge on this level “although depending on matter 
with respect to their existence, do not depend on it with respect to 
their concept”. 


This mode of abstraction is called the second degree or second 
level of abstraction. It gives tise to the mathematical, formal or 
ideal sciences. For this reason it is called also mathematical abstrac- 
tion. In the second volume of this work the difference between 
physical and mathematical abstraction will be seen to be important 
if we want to obtain a clear understanding of the difference between 
mathematical and physical sciences, 


35t. Thomas, Summa theol, p. E, q. 85, a t, od 2. 
4in Boethtum de Trinttafe, V, 3; transl p. 29. 
5Summa theoil., p. I, 4. 85, a. 1, od 2. 

Sin Boethium de Trintiste, V, 1; transl. p. & 
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3. Third Level of Abstraction 


Our negative abstraction, finally, can feave out of consideration 
not merely individual matter (as in physical abstraction) and sensible 
matter (as in mathematical abstraction}, hut cven so-called ‘intelligible 
matter’, Thus abstraction is tnade from alf matter, so that what 
remains to be considered by the intellect is purely nmmaterial,7 

The object to be considered by scientific knowledge on this level 
is things “whether they never exist in matter, eg., (rod and the 
angels, o whether they exist in matter in some things and in others 
do not, e.g., substance, quality, being, potency, act, one and many, and 


the like’,® or in general “separate substances and what is common 


to all beings”.® 


This mode of abstraction is called the third level or degree of 
abstraction, It gives rise to metaphysical science, For this reason 
it is called also metaphysical abstraction.!® 

Thus we see that the data of sense experience permit various de- 
grees of formal intellectual abstraction according to the precise object 
which the intellect wants to consider formaily in the observed things. 
Hence it may be said that the differences according to degrees of 
abstraction are at the same time differences in formal object, at least 
if the formal object is taken in a rather generic sense. 


4. Levels af Abstraction and Cognitive Functions 


With the difference in level of abstraction there is connected a 
difference in the role played by man’s cognitive faculties of the senses, 
the imagination, and the intellect. While it is true that “the begin- 
ning of all our knowledge is in the sense”’,” the level on which this 
knowledge terminaies may be different. “Sometimes it terminates 
in the sense, sometimes in the imagination, and sometimes in the 


TTe prevent confusion, we wish to remark that also on the other two Jevels 
of abstraction the concepts are immaterial, but, contrary to what may happen 
on the third level, they represent something material. 

8ihéd.; transl, p. 8 Things which never exist in matter are positively tm- 
material, whereas things which exist in matter but are not constdered insofar 
as they are material may be called impiaferial by precision. 

Op. cet, VE 1, g. 3; transl, p. 5. 

To prevent misunderstanding, it is necessary ta temark that the concept 
of being with which metaphysics is concerned results from a very special kind 
of abstraction, an absiractro sus generis, per modum explicsti et implicit, by 
way of the explicit and the impfictt. It is an imperfect formal abstraction, 
because everything without exception, even that from which ‘abstraction’ is 
made, falls under the concept of being. 

iin Boethium de Trinitaty, Vi, 2; transl, p. 63. 
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intellect alone”.1? This concise statement of St. Thomas may he 
developed as follows. All human knowledge starts with data gathered 
by sense experience, which by way of the imagination are offered to 
the consideration of the intellect, which in its activity is dependent 
upon the imagination. Thus any human intellectual knowledge is 
brought about through the collaboration of the senses, imagination, 
and intellect, but the nature of the rale played by each of then differs 
essentially according to the level of abstraction, Regarding this role, 
we may say the following: 


t. On the first level of scientific knowledge, which “terminates 
in the sense”, we “judge of natural things as the sense reveals 
them. .., And the person who neglects the senses in regard to natural 
things falls into error’.*5 Hence physical sciences, which consider 
the data of sense experience, must always be open to verification by 

‘! sense experience. The same is true for cultural sciences, although in 

| @ somewhat different sense. Accordingly, in experiential sciences 

‘|the contribution made by sense experience is absolutely essential 

_jpbecause the object considered is on the sense level. But all three, senses, 

V imagination, and inteHect collaborate in the formation of experiential 
science. 


2. On the second level of scientific knowledge, which “terminates 
in the imagination”, sense experience is stil] needed, but only to 
provide the imagination with the working material necessary for the 
formation of phantasms. The essential contribution is made by the 
imagination because the object is considered on the level of the 
imagination. In the formation of mathematical science and other 

H branches of learning which are on this level of scientific knowledge 
: it is especially the imagination and the intellect which collaburate. 


3. On the third level of scientific knowledge, which “terminates 
in the intellect”, the activity of the senses and the imagination is sti} 
needed, but oniy to make the activity of the intellect possible. The 
: ¢ssential contribution can be made only by the intellect because the 
object considered can be reached only by the intellect, Hence in 
the formation of metaphysical science only the intellect plays the 
essential role. 


12fbid, 
18 ibid. 
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immiateriality, Hence with respect to the object of man's intellectual 
knowledge we may distinguish three genera of objects: 


1, Sense-perceptible beings (the world around us), which are 
knowable by the senses, the imagination, and the intellect. They 
belong to the first level of abstraction and are the subject matter 
of the experiential sciences, 


2. Ideal or imaginable beings, especially quantity (extension and 
multitude), which are knowable by the imagination and the intellect. 
They belong to the second level of abstraction and canstitute the 
object of mathematics and in general of ideal or formal sciences. 
This group of sciences has an advantage over the preceding group 
insofar as its object does not have the lack of transparency of materia! 
things, and over the following group insofar as the inteliect finds the 
required support in more adequate phantasms. 


3. Being in general or immaterial being (whether positively im- 
material or rendered immaterial by precision from matter}, which is 
knowable only by the intellect because it is not imaginable, It belongs 
to the third level of abstraction and is the object of metaphysics. 
Concerning this object it is to be noted that, although the immaterial 
is more knowable in itself, it is less knowable to man, because it 
cannot be praperly represented by pliantasms from which man’s 
intellect takes its proper object. 


Remark. It is to be noted that progressive total abstraction yields 
concepts whose content decreases steadily and thus becomes more 
general, vaguer and consequently less knowable. 


6, Gradation on the Same Level of Abstraction 


| Even on the same level of abstraction a certain gradational dif- 
-tference is possible, as may be clear from the following examples. On 
ithe third level of abstraction there is a gradational difference between 
pure metaphysics and the philosophy of nature. On the second level 
there is gradation inasmuch as in arithmetic or the theory of multitude 
abstraction gues further than in geometry or the theory of extension, 
for the notion of multitude is not limited to extended things. There- 
fore, the notion of multitude is predicable of spirits, but not so the 
notion of extension. On the first level of abstraction there is grada- 
tion in physical sciences; for example, inasmuch as the object of 
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biology ts less abstract chan that of pluysies or yeneral astranomy. 
In cultural sciences there is generally less abstraction than in the 
physical sciences. However, even amoung cultural sciences them- 
selves some are more abstract than others; eg. sociolagy and evo- 
nomics are more abstract than history. 

Even within one and the same science a gradation of abstraction 
and generality is possibic. For example, is astronomy cHie can 
consider celestial bodies in general anc their classes, burt also individual 
celestial bodies, such as the sun, the moon, or the Crab nebaia. 


V. SIMPLIFYING OR IDEALIZING ABSTRACTION 


Description, As the nate itself indicates, this kind of abstraction 
is ane by which abstraction is made from the covipitcating elements 
in a complex whole (iegative aspect) in order to consider the re- 
suiting simplified object (positive aspect of abstraction). Such a 
simplifying abstraction is often useck in the experiential sciences int 
order to make it possible to study a problem of reality which is tuo 
complex to be studied if all the factors involved have to be taken iuto 


account. Let us give a few examples. In ihe kinetic theory of gases ~ 


the molecules are treated as if they were perfect little spheres 
endowed with perfect elasticity, and in addition their dimensions and 
mutual attraction are often left ont of consideration. A gas composed 
of such molecules is called an ‘ideal gas’ by the physicist. In 
mechanics the friction of the air is often neglected in the consideration 
of free falling bodies or the path of a bullet. [n chemistry they 
speak of ‘pure substances’, aliliongh it is knawn that sach substances 
do not exist in reality. In many astronomical speculations celestial! 
bodies are treated as if they were poini-masses. In cititurat sciences, 
likewise, many such simplifying abstractions are made; eg. if in 
studying groups of people ome teaves ont of consiteration their In- 
dividual differences of age, origin. financial status, religion, ete. 


This Abstraction Falstfies Reality, Contrary to what happens 
in formal and total abstraction, idealizing abstraction is always a 
falsification of reality, for the objects considered are different from 
those in reality. For instance, the rea] molecules of gases do not 
have a perfect spherical shape; they have definite and often irregutar 
dimensions and attract one another. Tfence in order to be certain 
that the results obtained by means of idealizing abstraction retain 
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any value for the description or explanation of reality, it will be 
necessary to examine very carefully whether the simplifications 3n 
question are permissible with respect to the problem under considera- 
tion, Frequently only confrontation with the data of experience 
will show whether or not the simplifications are justified. 


Remark. It is to be noted that simplifying abstraction presupposes 
at least the first degree of formal abstraction. If the problent in ques- 
tion is studied quantitatively, it presupposes also the second degree. 
The objects considered are simplified or idealized in such a way that 
certain concepts obtained by formal abstraction of the first or second 
degree are applicable to these objects. Of course, the concepts used 
in simplifying abstraction are abstract also in the sense that they 
do not include individual and concrete particularities. Thus formal 
and total abstraction remain the most fundamental of all types of 
abstraction. 


CHAPTER FOUR 


NECESSITY IN SCIENCE 


fn nos, 3and 5 af Chapter Two it was explained that the priacipies 
of a science are always expressed in universal propositiuns; that the 
results of scientific research are preferably formulated in the same 
way; and that this universal character corresponds with the necessity 
of the connection between the concepts expressing the subject and the 
predicate of the proposition. In the preceding chapter we have seen 
that the universality and character of necessity flow from the total 
or formal abstraction by means of which the knowing intellect elimi- 
nates the singularizing determinations of the concrete object and 
draws forth from it the essential or some other knawable ‘form’. This 
character of necessity will be disctissed in several] other parts of this 
book, and especially in the second volume when the various kinds af 
sciences are studied. However, even at this stage it appears desirable 
to present a general consideration of necessity, because it is a charac- 
teristic feature of science, which, just a5 universality, belongs to the 
statements of every science, although in different ways, Again, how- 
ever, our discussion will be limited to what is relevant for the purpose 
of this book, 


Necessary in the strict sense is called everything that cannot not-be 
of be different. According as this detinition is verified without restric- 
tions or only under certain conditions or in a definite order, a distinc- 
tion is made between absolute and Aypothefical necessity. We will 
successively consider both types here. 


I. ABSOLUTE NECESSITY 


Absolute or metaphysical necessity is present in a proposition if, 
under no condition, the connection hetween subject and predicate can 
be other than is expressed in the proposition. It is this necessity 
that is encountered in general metaphysical principles, such as the 
principles of identity, of contradiction, of sufficient reason, of causality 
{as applied to the four causes); also the principle of determinism, 
which is valid for every purely material activity and accerding to 
which every nor-free cause produces of necessity its own effect. As 
special formulations of some of these principles one may consider the 
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principles ‘every being has its own essential properties’ and ‘action 
follows being’. The last two principles, which refer especially to 
formal and material causes, are also absolutely valid and can be applied 
in many realins, By way of illustration we may give a few examples: 
an extended thing is necessarily divisible; the whole is greaicr than 
the part; the sum of two quantities of the same kind is another quantity 
of the same kind; a hylomorphtcally comiposite whole is by its very 
nature subject to change; a spiritual being is necessarily endowed 
with the pawers of thinking and willing, etc. AH these necessities 
are absolute because, apart from the presence of the essence indicated 
by the subject of the proposition, they do not depend upon any condt- 
tion in the things themselves or their surroundings. Many of such 
universal principles have been discovered in a concrete sense datum 
through formal or intuitive abstraction. Nevertheless our intellect 
sees that the truth of such statements does not depend spon the 
actual existence of the essence in question. If an extended thing 
exists, it will be divisible precisely because af its extension; if a spirit 
exists, he will be able to think and will. 


Il. HYPOTHETICAL NECESSITY 


Apart from the above-mentioned statements that are vatid with 
absolute necessity, there are others which possess likewise a certain 
character of necessity, but are so much dependent upon a definite 
order or definite presuppositions that they are almost meaningless 
outside the order in question, Such statements can be formulated anly 
after a more accurate exploration and study of the order in question 
or only upon the basis of the assumed presuppositions, which there- 
fore arc always imptied in them. They are said to be Aypothetically 
necessary. This hypothetical character is not always understood in 
the same sense, and care should be taken not to misconceive it. A 
subdivision into three groups is possible here according to the realms 
of thought in which the statements originate. These realms are that of 
mathematics or forma} sciences (the mathematical order), that of the 
physical sciences (the physical order}, and that of man and his cul- 
ture (the moral order). Let us briefly consider each one of these 


three necessities. 
i. Necessity in the Mathematical Order or Mathematical Necessity 


According to an absolutely valid principle stated in Section One, 
the inner structure or proper essence of mathematical objects implies 
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of necessity certain essential characteristics or relations; for instance, 
a triangle necessarily has three angles; the sumi of two numbers is of 
necessity another number. These and other similar truths are often 
discovered in the data of experience by means of forma! and intuitive 
abstraction. If it is desirable to speak here in terms of causality, the 
inner necessity of the relations discovered jn mathematics may be 
reduced to formal causality. For it is the ‘furn’, shape, structure, or 
mathematical entity which ‘produces’ of necessity definite essential 
characteristics and relations. But to a high degree mathematical 
entities are products of the human mind, and this shows their hypo- 
thetical character, 

In mathematics, as also in other forma! sciences, such as logistics, 
the strictly hypothetical character often reveals itself very clearly— 
. namely, when the essence of the object, and therefore also the implied 
: inner necessity, is co-determined by arbitrarily chosen conventions or 

‘postulates. A few examples will suffice to make this clear. It is only 
in Euclidean geometry, because of the postulate of parallel lines, 
that the sum of the three angles of a triangle is equal to two right 
angles ; in a non-Euclidean triangle the sum is greater or smaller than 
that of two right angles. With respect to other geometrical objects 
different statements result according as one assumes the postulates of 
Euclid ot those of Riemann or Lobatschewski. The sum of 3 and 4 
is 7 if natural numbers are meant, bot e.g. in the case of vectors at 
the magnitudes of 3 and 4, the sum will depend upon their directions. 
The sum will be 7 if the vectors rum in the same direction; 1 if they 
Tun in opposite directions; 5 if their directions are perpendicular; 
different again if they have another position with respect to one 
another, Hence in this case the mutual position or geometric situa- 
tion is a condition that must he mentioned in order that the correct 
answer may be given, but under this condition the answer will apply 
with necessity, 


2. Necessity im the Physical Order or Physical Necessity 


The term ‘physical necessity’ indicates the necessity that is 
proper to statements which are the result of a scientifically digested 
experience regarding the things of nature, The term ‘things of 
nature’ refers to all lifeless and living objects, except man insofar 
as his activities can be freely determined by his will, Accordingly, 
We are concerned here with objects whose activities are fully deter- 
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mined, i.e. their activities are fully fixed with respect tu time, character, 
atid intensity by the proper nature of the things in question as they are 
concretely situated. Hence in this order we have to do with a 
causality that works according to a necessity of nature. A correspond- 
ing necessity, therefore, is proper to statements regarding the proper- 
ties and activities of the things of mature, provided, of course, that 
these statements have been arrived at in a correct way, This type of 
necessity finds its foundation in the material and formal causes whose 
combination (as ‘formed matter’} constitutes the essence of the 
things in question, 


Such statements occur in the laws of physics, chemistry, biology, 
etc. These laws, if they are correctly defined, express a connection 
which is necessarily true and cannot be other, However—and here 
hes the ‘hypothetical’ character—this necessity is an observed neces- 
sity, ie, it is not based upon a direct intellectual insight into the 
essence af things, but upon an experience which has been subjected 
to scientific methods. In addition, the statements refer to the order 
of the world as it is at this moment actually accessible to the experi: 
ence of man with the means he has now at his disposal. They are 
true if we suppose that our experience has not heen deceptive, and 
that the results oblained have been formulated correctly; therefnre, 
they will remain true if we suppose that this order of the world is 
not subject to change in its essential constituent elements. But there 
is a possibility of another world order with different kinds of mate- 
tial things and therefore with different laws, Accordingly, one can 
speak neither of absolute necessity in the above-explained sense nor 
of the necessity that js found in the mathematical order. The special 
character of the necessity under consideration is suitably expressed 
by the term ‘physical necessity’. 


In the domain of the physical sciences the intellect works again 


“with format abstraction, but because of the complexity of the object 


and the difficulty of approaching it there can be no question here of 


abstractive intuition, Frequently the ‘formal’ clement has to be dis- 
‘covered here in a pradual and laborious way, sometimes only after 


many vain attempts and even errors. Thus in this respect there is 


- a great difference between the physical and mathematical sciences, 


1The methods used in this process of discovery wit! be diseussed in our study 
of scientific induction (Chapter Eight}. 
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3. Necessity in the Order of Human Activities ar Moral Necessity 


: Moral Necessity in the Strict Sense. Although man is free in the 
“activities of his rational will, such activity is not purely arbitrary but 
based upon niotives and directed towards the attainment of a purpose. 
It may happen that man must or wants to reach a definite purpose. 
In this case his way of acting is determined by the purpose intended. 
Thus we arrive at a necessary connection whick may be expressed 
in a conditional sentence: ‘If man must or wants to reach this 
definite purpose, he will of necessity have to direct his actions in this 
determined way’. 

The purpose or end to whict ali activity of man in general must 
be directed is his ultimate end, To reach this end, he will have to 
live and work in accordance with the demands of man’s rational 
Mature, The necessary connection in question cau be expressed in 
‘the conditional sentence: ‘If man wants to reach his ultimate end, he 
will haye te act in accordance with the demands of bis rational 
nature’. Starting from a comprehensive consideration of man’s ulti- 
‘mate end, insofar as this is possible with the aid of natural reason 
and the data of Revelation, moral philosophers and theologians know 
how to derive specific norms of human activity which must necessar- 
ily be followed if the ultimate end is to be reached. Because we are 

here in the realm of the moral order in the strict sense of the teri, 
. the expression ‘nioral necessity’ obviously is a suitable term, 


_ - Morat Necessity wa Broader Sense, The same term is used also 
“in 2 broader sense and applied to Ininian actions in general, including 
those that tend to Jimited purposes which are only remotely con- 
nected with the ultimate end or even indifferent in its respect, The 
purposes in question lie in the natural plane and can be the occasion 
for definite human activities. Here again it is possible to formulate 
specific norms—it is done in the so-called ‘practical sctences’—which 
of necessity have to be followed in the matter in question, at least if 
the purpose intended is to be reached. 


Moral Necessity in the Broadest Sense. Vinally, the term is 
used in a third way to express the necessity proper to statements 
regarding the way in which as a matter of fact man acts in a definite 
sphete or in definite circumstances. Such statements may be the 
result of scientific research in those sciences of experieuce whose ob- 
ject is man and his culture. Weeause in general man tends to his 
awn happiness, whether supernatural or natural, it will be possible 
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to find in similar circumstances of religion, culture, social and finan- 
cial status, profession, age, etr. a certain uniformity of action which 
can be expressed in definite rules or laws possessing a kind of neces- 
sity. Because there is question here of moral activity in the broad 
sense, ie, of human manners and morals, the term ‘moral necessity’ 
is used here. As examples we may give the following rules: parents 
love their children; in a religiously mixed population men live more 
consciously in accordance with their beliefs; unrestricted capitalism 
tends to the exploitation of the workers; tf demand increases con- 
siderably, prices will rise; etc. 


Nature of this Moral Necessity. Obviously, the above-mentioned 
moral necessity, proper to rules governing certain types of human 
activities which individually find their ultimate source in a free 
choice, is wholly different from the physical necessity that arises 
from the determined nature of material things. While physical neces- 
sity knows no exception, this moral necessity allows many. These 
exceptions may originate in the defective intellectual insight of the 
individual concerned into the purpose to be reached or the means to 
he used, in a lack of training of the will, or the mfluence of all kind 
of emottona] factors, Consequently, such rues of human activity do 
not give any certainty with respect te the actions of a particular in- 
dividual at a definite trme, but they justify an expectation which, 
if Jarge numbers are considered, will be fulfilled in most cases. The 
degree of necessity proper to such rules will be proportioned to the 
importance men attach to the purpose which determines their activity. 
For instance, in the natural order the preservation of life is more 
important as a purpose than the preservation or acquisition of materia! 
possessions; consequently, in practice the rules governing human 
activity with respect to the preservation of one's own life wil] have 
fewer exceptions than the rules regarding the preservation or acquisi- 
tion of material possessions. 


Moral Necessity and the Conclusions of Maral Sciences. The fact 
that general rules can be given which possess a certain necessity with 
respect to the rational activities of man’s will gives rise ta the pos- 
sibility of sciences that have as their object man’s activities in different 
realms, Such sciences may be either practical, as the ethical and 
medical sciences, or theoretical, as psychology, ethnology, sociology 
or theoretical economics, On the other hand, the possibility of ex- 
ceptions on the rules and that of mistakes with respect to the subjective 
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purposive orientations of individua! tuman beings and their elforts to 
teach these purposes imply the danger of errur in drawiny conclu- 
sions in these sciences, The so-called proofs and seientilic conclu- 

ions of such sciences have anotlier degree of certainty and validity 
than those proper to the mathematical or physical sciences, Moreover, 
there is great danger oi falling into subjectivity, In the second 
volume we will return to this paint in our discussion of the sciences 

‘of man and his culture. 


HI. NECESSITY AND CONTINGENCY 


‘Contingency’ Has Several Meanings. It appears desirable ta add 
“here at the end of this chapter a few remarks regarding contingency, 
According to the scientific usage of the terms, ‘contingency’ and 
: “necessity” indicate contradictory concepts, so that ‘contingent’ means 
the same as ‘non-necessary’, Thus it should be clear that ‘con- 
tingent’ may have different meanings, because there are also different 
kinds of necessities. Moreover, the meaning of the term ‘contingent’ 
is never absolute but always relative. Thus a fully justified use of 
the term will always require an addition explaining in what sense 


there is contingency. 


Contingency and Necessity. In general, ‘contingent’ means that 
which can be or not-be, be this or be other. In this broad sense all 
created things are contingent. Once created, however, they have a 
specific essence which necessarily has definite specific properties, 
Accordingly, with respect to these properties there is no contingency. 
But the individual and concrete way in which the specific essence 
appears is not wholly determined by this essence, for one and the 
same specific essence allows variations with respect to its actual 
realizations. In this respect therefore there is, within certain limits, 
contingency. Nevertheless, there is a misunderstanding here that 
should be avoided. The concrete and individual way in which the 
essence actually appears is trecessary in this case insofar as it is 
wholly determined by the causes which have determined or are 
determining the coming to be, the existence, and the mode of being 
of this thing. Thus with respect to the whole of causes that have 
been or are at work there is no contingency. Accordingly, a particular 
event may be contingent with respect to a definite and separately 
considered cause, but in relation to the complex of causes that exer- 


42 The Philosophy of Science 


cised infhyence on this event the event is necessary. For this necessity 
is the result of the universally yalid law of causality. 

In this connection special mention must be made of the con- 
tingency existing with respect to a free cause, ie. a cause which is 
not fully determined by its own nature, such as man's free will, 
Before the definite decision of the will there is freedom and therefore 
contingency with respect to its possihle actions, but after the actual 
self-determination the activity will of necessity take a definite course, 
and thus the contingency is actually eliminated. 


CHAPTER FIVE 


THE OBJECT OF SCIENCE 


1. Moteriai ond Formal Object 


In Chapter Three, Sections Three and Four, we spoke of the 
intelectual activity, called ‘formal abstraction’, through which the 
intellect in various ways is capable of seeing in a datum offered by 
the senses a knowable essential form or aspect. ‘Thus the otfered 
material is ‘formed’ or ‘informed’ in a definite way by the intellect. 

The terms ‘matter’ and ‘form’, ‘materia? and ‘formai’ are used 
very frequently in philosophy. ‘Matter’, in general, indicates the 
“undetermined but determinable part of a thing, while ‘form’ is that 
by which the matter of a thing is determined to be a thing of a certain 
‘kind. For example, marble or plaster may be called ‘matter’ with 
Tespect to the geometric forms by which they are given a definite 
external shape. Another exampie is ‘primary matter’, which is 
conceived as the most undetermined substratum of all material things, 
and ‘substantial form’, which gives to primary malter its first and 
specific forin. Thus ‘matter’ always indicates the indeterminate but 
determinable element, and ‘form’ the determining element. These 
relative meanings of ‘rnaterial’ and ‘formal’ are found also in the 
_ theory of science where there is question of the ‘material object’ and 
" the ‘formal object’ of a science, 


Material Object. Each science occupies itself with a definite realin 
of knowledge, a definite subject matter to be investigated, which is 
called the ‘material object’ of that science. As such may be con- 
sidered, for instance, man, inanimate matter, the stars, the earth, 
languages, religion, law, etc. Once more we may remark that obvi- 
ously what is meant here are not men, earth, stars, etc. as they exist 
in reality, but insofar as they fave become a suitable object matter 
of knowledge by means of the intellectual process of abstraction (total 
abstraction; ef. Ch. III, Sect, 2). 


Format Object, Asarule, a definite material object that is taken 
as the general matter to be studied will have too many knowable aspects 
to be grasped futly in a single intellectual consideration, To arrive at 
a well-founded total view the man of science will have to try to seize 
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successively in quasi-partial studies, ie. through formal and analytic 
abstractions, the various aspects of the object. Accordingly, the object 
matter, the materia! object, will have to be determined or ‘formed’ in 
various ways. The material object thus ‘formed’, i.e, the material 
object considered in a definite respect, is called the ‘formal object’ of 
the intellectual consideration. 

Because of the complexity of existing realities and their consequent 
imanifoldness with respect to knowable aspects, generally one and the 
same material object can be multiplied into numerous formal objects. 
Each of these can be systematically examined and thus give rise to 
eyer new sciences. For instance, the materia! object ‘man’ is in 
different ways the formal object of anatomy, physiology, psychology, 
physical anthropology, ethnology, medical sciences, philosophical 
anthropology, and so on. While the material object itself roughly 
describes the nature and limits of a science, the proper character and 
structural coherence of a science is derived from its furtmal abject, 
for this object demands a definite mode of consideration and definite 
methods of investigation. With respect to the same material object, 
therefore, every important difference in formal object may give rise 
to a distinction of sciences, Presently we will revert in more detail 
to this point. 


Formal Object ‘Quod’ and ‘Quo’. A particular object which is 
investigated requires, precisely because of its particular nature, a par- 
ticular and appropriate mode of consideration and consequently the 
use of proper and appropriate means and methods. The formal object 
which 1s investigated is usually called the ‘formal object quod’, and the 
appropriate mode of considering this object is called the ‘format 
object quo’. The following scheme may serve to illustrate the point. 
In this scheme the materiai object, the formal object quod, and the 
formal object quo of a few cognate sciences are placed side hy side. 
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, ; 
science materia] | formal object guod | formal abject quo 
object (ue¢ans and meth- 
ods} 


God God as manifested } light of Revelation, 
in Revelation grace, meditation 


philosophy | God God as knowabic | aian’s intellect and 
of God to man’s intellect ; reasoning 
without Revelation 


atomic atomic nuclei as | physical mode of 
nuclei knowable by phys- | consideration and 
ical methads physical methods 


nuclear atontic atomic fuclei as | chemical mode of 
chemistry | nuclei knowable by chein- | consideration and 
ical methods chenical methods 


The same distinction may be applied also ta parts of a science. For 
example, 


crystallic structure } methods of refrac- 
1 tion and reflexion, 


crystals X-rays, ete. 


color optical methods 


2, Division of Sciences According ta the Object 


In Ch. ILE, Sect. IV, we have seen how the formal abstraction 
of the intellect may terminate on different levels and thus be the 
basis of the distinction betwcen major groups or yenera of sciences— 
namely, the experiential scicnces; the mathematical, or more gen- 
erally the formal, sciences; and the phtlosophica! sciences. On each 
of these levels a division can be made according to the material abject, 
and with respect to the same nvaterial object it usually is possible to 
seize, through formal! abstraction, successively different formal objects 
and to distinguish these objects from one another. This posstbility 
finds expression in a specification of science on the same level and 
with respect to the same object. We will now consider this question. 
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Division According to Material Object. As we have seen, the 
material object gives a certain caherence to a science and thus divides 
it from other sciences with a different material object, A science 
of man, for example, 1s obviously distinguishable from a science of 
the stars or a science of language. Because of its wide range the 
material object may force us to divide it into segments; eg. the 
science of languages will have to be resolved into sciences of each 
language separately; and the anatomy of man may he subdivided 
into that of the brain, the heart, the lungs, etc. These exatnples 
indicate divisions and subdivisions according to the material object. 


Division According to Formal Object. As has been mentioned, 
generally a division or subdivision wil! have its basis in the discovery 
of new aspects or farmal phases in the same material object. In 
this way we obtain a division or subdivision according to formal 
object. For instance, the science of the human body may he divided 
according to the formal object into anatomy, physiology, physica! 
anthropology, pathology, and so on. 

Even when at first sight ihe division appears to have heen made 
so as ta divide too wide an object into smaller segments, or appar- 
ently only according to the material object, a closer inspection will 
reveal that the reason why this and no other division is made lies 
in the fact that the segments in question represent different aspects 
of reality or demand a different mode of consideration, Hence in 
such a case the division will be based also upon a difference in formal 
abject. These observations should be kept in mind in the following 
examples of division of sciences, 


Examples of Division and Subdivision of Sciences According to 
Material and/or Formal Objects 


A. Physical Sciences 


a) sciences of inanimate matter 


physics, chemistry, astronomy, geology, meteorology, mineralogy, 
ete, 


subdivision of physics 

optics, acoustics, thermodynamics, electricity, magnetism, etc. 
subdivision of chemistry 

organic cheniistry, inorganic chemistry 


subdivision of astronomy according to ttaterial object 
astronomy of stars, nebulae, plancts, comets, sun, moon, etc. 
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according fo wiaterial and jarmal abject 
astrophysics, celestial mechanics, position astronomy (each of 
which has its own methods and mode of consideration). 
b) sciences of antwate aatier 
botany, zoulogy. 
It is clear that zoolovy insofar as it deals also with sense liic differs 


from botany not only according to the ruaterias object but also 
according to the formal abject. 


B. Cultural Sciences 
sociology, ethnology, political science, juridical science, linguisttes, sci- 
ence of religions, etc. 


Tn the case of cultural sciences, foo, ure material object alone does not 
always give rise to a rigorous separation, but the formal object also 
enters into the picture. 


subdivision of fingwistics 
Roman, Germanic, Celtic, classical, general lingnistics, etc. 


Subdivision of juridical science 
constitutional law, state law, criminal law, maritime law, evil law, 
etc. 


These differences, too, ave not merely material hur at the same 
time formal. 


C. Mathematical Sciences 


geometry, trigonometry, arithmetic, algebra, etc. 


The difference hetween the mathernatical sciences is more formal than 
material. 


DBD. Physical and Cultural Sciences 


The important division of experiential sciences into physical and 
cultural sciences and sctences of man is, as we will see in the second 
volume, a divistun according to the material object, but extends over 
the formal object because with respect to these sciences the difference 
in material object is at the same time a difference in formal object. 


E, Philosophy 


metaphysics, epistemology, anthropology, cosmology, acsthettcs, 
ethics, ctc. 

The various branches of piilosophy are not wholly separate; ail 
things are closely interwoven in plilosephy, 
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Rewarks. With respect to these exaingles of division of sciences 
according to the object, a few remarks may be added, Most often, as 
appears from the examples given, a division according to the material 
object is combined with a consideration of different aspects of the 
material object; therefore, it is concurrent with a division according 
to the formal object, as for example, the division of clemistry into 
organic and inorganic, Sometimes the distinction is more formal thar 


_, material, as in the case of the mathematical sciences, 


ie 


Very often sciences are distinct only because tley lave different 
ways of considering the same material object. In such a case they 
are divided according to their formal object only and not according 
to their material object; e.g. analytic and synthetic geometry; the 
anatomy and physiology of the human body; epistemology and the 
psychology of human knowledge. 

At times it may happen that division and subdivisions according 
to the material object run across those according to the formal object ; 
and vice versa, as may be illustrated by the following schema. 


Subdivision of History 


according to material object according to formal object 


origin and development 
of country and people 
culture 
form of government 
military history 
France international relations 
England 
Netherlands 
ete. 
countries | Africa 
étc. 


The division according to forma! object, given above for national 
nistory, may be made also with respect to each fareign country ; hence 
a division of history according to culture, form of governmient, mili- 
tary history, etc. would run across that according to country or 
material object. 
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3, Specialization and Integration 


As a result of the enormous increase of data and the invettion of 
new methods of investigation and experimentation, the whole of 
science had to be divided wver and over again according to material 
and formal objects. Vhe material object has become steadily more 
and more divided into sinatler parts, and cach of these im its tan 
can still be considered tuder various aspects. This cutting up of the 
realra of science has giver cise to a subordination of sciences and aa 
ever-tnereasing specialization of science and sit Tievauac of 
their divergent metheds of procedure and investigation, these special- 
ists often were and ase hardly able to ynderstand one another's 
language. Thius it is easy (o see that a need arose for integration 
and synthesis in the realm of science. Specialists of different sciences 
came together to study a smal object or question fran all angles, 
In this way was brorght about a collaboration of scientists working 
as a team; cg. physicians working together as a Tung team or 2 
heart team consisting of an unitomist, a pliysiolog 
chemist, an ancsthetist, etc. 

On the other hand, there are specialists who restrict themselves 
to a very small material object, which, however, they consider and 
study under all aspects, For example, a brain specialist ar a heart 
specialist lias a conmnaud of the anatomy, physiology, neurology, and 
surgery of the brain or the heart; he not only makes the diagnosis, 
but also performs the necessary surgery, prescribes the diet, and 
$6 on, 
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CHAPTER SIX 


THE FOUNDATION OF SCIENCE 


1. Starting Point aud Presuppositions 


As we have seen in Chapter Two, a science is always a logically 
ordered system, i.e. the various parts of a science are logically coherent. 
One part is hased upon another or justified by another part, Scientific 
statements are deduced by reasoning from other statements, and these 
perhaps again from others. Evidently, this process cannot be con- 
tinued to infinity. Ultimately one will arrive at premises that no 
longer are conclusions of a reasoning process within the limits of 
a given science, but have their truth established in another way, such 
as their direct observation by the senses or their foundation in another 
science. Somehow every science is bound to have fundamental data 
that can serve as the starting point of scientific demonstrations. As 
Aristotle correctly observes in the opening sentence of his Analytica 
Posteriora, “A!l instruction given or received by way of argument 
proceeds from pre-existent knowledge”? Although this starting paint 
of science may be called its basis or foundation, it would seem prefer- 
able to use the term ‘foundation’ in a wider sense and thus to make a 
distinction between starting point and foundation. We will use the 
term ‘foundation’ to indicate everything which in ane way or the other, 
explicitly or implicitly, can be considered as a basic element in the 
scientific system. Accordingly, the foundation of a science inchides not 
only its starting peint but also its presuppositions. A brief considera- 
tion will be devoted to each of these two points. 


Starting Point. The function of the starting point is to supply the 
basic data concerning the object considered im the science. Thus the 
starting point of a science will be of the same nature as the object 
studied in this science. According as the various sciences differ in 
character, the starting points also will be typica!ly different. Hence 
it is not feasible to indicate here exactly the starting points of the 
various groups of sciences and stil] less thase of any science in par- 
licular, We will have to be satisfied therefore with offering a few 
broad examples to illustrate our point. 


1Bk, I, ch. f; 71a 1-2, as translated in W. D, Ross, She Works of drisiutie. 
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Examples. The physical sciences take their starting pome m the 
concrete data of the senses that are obtained by means of direct ob- 
servation or experimentation. ‘The various physical sciences differ 
again with respect to their particular starting point. Physics and 
chemistry begin with the sense observation of lifeless things, such as 
solids, liquids and gases with respect to their gencral or special quali- 
ties and activities; e.g. sound, light, heat, electric and magnetic prop- 
erties, in general or in different species of nratter; and the chemical 
qualities of the various kinds of matter. Geology and astronomy are 
based upon the experience of the earth and that of celestizl boclies. 
Biological sciences derive their starting point from experience re- 
garding plants and animals. In addition, insofar as the theoretical 
study of their object is concerned, the physical sciences have to re- 
construct or introduce certain concepts which are suitable for the 
description of natural phenomena and whose meaning is fixed by a 
definition or a functional relationship; far instance, in physics the 
concepts of force, velocity, energy, mass, and magnitudes of a me- 
chanical, electric, or magnetic nature, 

The sciences of man have a broader starting point. It is consti- 
tuted not only by sense experience but also hy man's intellectital 
reflection upon himself, by means of which he obtains a higher kind 
of knowledge of his own specific and individual nature and thus is 
rendered capable atso of Einfrhiing, ix. ‘putting himself i the place 
of? the other human beings with whom he is in contact. 

The cultural sciences begin: with a sense observation and an intel- 
jectual consideration of all the things produced hy man’s typically 
human activities, which are laheled together under the term ‘culture’. 
Here again there is a pronounced difference with respect to the 
starting point between the various cullural sciences, such as history, 
linguistics, science of Jaw, sociology, and economy. 

In the mathematical sciences the starting point is provided by 
definite fundamental concepts, such as multitude (or number} and 
extension, either in general or in special kinds of extended things, 
eg. line, surface, or body; definite fundamental axioms or postulates, 
which may be chosen somewhat arbitrarily; and finaily all kinds of 
data of the imagination, aided by the sense observation of, e.g., figures 
drawn on paper, which function as means in the discovery and solu- 
tion of new problems. 

The philosophical sciences have their starting point in ai intel: 
lectual reftection on the general data of experience with respect to the 


52 The Pinlosophy af Science 


being of man aid things outside inan, ‘The theological sciences find 
theirs in the data of Revelation. 


FPresup positions, Apart from the starting point that is needed in 
every science, also numerons presuppositions must he adit, 
Generally tliese presuppositions are not formulated explicitly, but 
admitted implicitly and accepted as a matter of course. Lore often 
than not speciajists in a science do not know auytling at all about 
the presuppositions of their particular science or group of cognate 
sciences, and are not even titerested in them. 

It would lead us too far aheld to investigate liere the presupposi- 
tions of the various sciences. A complete enumeration of all these 
presuppositions would even be impossible, Hfence we will have to 
he satisfed again with a few general remarks and examples. 


General Presupposttions. First of ail, a distinction must be made 
between presuppositions that are commion ta all or many sciences and 
those that are proper to a particular science or gronp of sciences. To 
the first class of prestyppositions belong those which are expressed in 
metaphysical principles, for these principles apply to whatever is as 
such; for instance, the principles of identity, coutradiction, and ex- 
cluded middle; the principles of sufficient reason and causality; also 
epistemological presuppositions regarding the intelligibility of heing, 
the trustworthiness of the human intellect, and with respect to all 
sciences that somehow originate in experience, the trustworthiness of 
the senses and sense memory. These and other similar principles 
and presupposttions cannot be deduced from more general or more 
evident principles, but only rade explicit by the intellect which re- 
flects upon primary contents of cognition, 


Special Presupposttions. Secondly, the particular sciences or 
groups of sciences have their own presuppositions regarding their 
own object. Such special presuppositions will find a fonndation iu 
another specialized science or in philosophy. Without entering into 
detail, we may give some examples of particular presuppositions in 
a few sciences. In physical sciences, i.¢., the following presupposi- 
tions are accepted: the determinism of nature, the uniforinity of 
Tmatter in space and time, the species-individual structure of matter ; 
aud with respect to the mathematical study of quantilalive results, 
the truth of mathematical theorems. In Hnguistics one has to accept 
certain fundamental notions concerning substance, accidents, activi. 
ties, the difference uf individuals, etc., in order to he uble to have an 
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insight inte the meauing of substantives, arljeciives, verlia, personal 
and other pronowns, ete. In mathematics it is weessary fe presup- 
pose everything which precedes the forinalion of the first roathe- 
matical notions, elementary axivms and aperations; eg. that the 
extended is divisible; that the wlwle i: greater dhan tts parts; that 
quantities of the same kind may be added, and that the sean total is 
a quantity of the samme kind, Iv theology one presupposes ihe trutn 
of Revelation, the yeracity of the sources of Revelation, and the 
veracity of God. 


2. Truth of the Foundation of a Scieuce 


it should be clear that no particniar science is alle to justify by 
its own means and methods the truth of its own foundation, ie. of 
either its starting point or its presuppositions. Physical science, for 
example, cannot by its owo means account fer the existence of vb- 
served facts and phenomena, for the truth of mathematical theorems, 
or the principle of catsality or determinism in nature. Mathematics 
cannot account for the fundamental qualities of extension and quan- 
tity. Even in modern mathematics, in which the starting point con- 
sists of certain postulates chosen arbitrarily (for they lave to be 
merely independent of one another and son-contradictory}, it is not 
possible to do withont presoppositious or data which cannot be ac- 
counted fer by the mathematical system self, 

Sometimes, as was said abuve, it is pussile fur one scieice to 
justify the presuppositions of another, For example, the value of 
writings and docunients containing the starting peint of thealogy can 
be accounted for by the historical methods used in the so-called 
‘preambtuta fied’ ; the determinism of nature presupposed by physical 
science can be shown ta he true by philosophy; the existence of free 
will in man, that is presupposed by the sciences of man and of 
human culture, can he discussed in philosophical anthrepolugy; the 
fundamental axioms of Eucitdean geometry can be aceetuted for by 
reflection upon the fimclemental data af the senses aud tnagination 
as they are rendered accessible to the intellect by formal abstracuon 
on the second level. The most fundamental metaphysical and epis- 
temotogical principles, however, which bave to he presuppased im all 
human science cannot at all be proved, at least nat syilogistically, 1«. 
by taking other principles as a starting poiat. Such principles can 
be clarified only by makirg explicit what the intellect discavers fi its 
reflection upon primary data of experience. 
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The difference in the starting point of sciences or im the orivin 
of their basic notions and truths gives rise to an important division 
of science. According as this origin is supernatural or natural, ie. 
provided by Kevelation or by man’s natural cognitive faculties of 
the senses, imagination, and intellect, science can be divided into 
supernatural and natural. The starting point of science likewise 
marks the difference between mathematical and experiential science. 
However, this is not the place to discuss these divisions; so we will 
be satisfied with having pointed out that there ts a connection between 
the starting point and the division of the sciences, Later, in the 


second volume of this book, we will came back to this point in greater 
detail, 


4. Starting Point and Subordination of Sciences 


The consideration of the starting point of natural sciences may 
give tise to a subordination of sciences in the onty true sense of the 
term, True subordination occurs if the principles that are the hasis 
of one science are investigated and established in another; therefore, 
a subordinated science gets its support from the subordinating science 
and to some extent owes its special character to this science. A case 
in point is physics, which makes use of principles and theorems 
established by mechanics and mathetnatics, and also of presupposi- 
tions, such as the principles of causality and determinism, that can 
be justified only by philosophy. So also the theory of music to some 
extent is governed by mathematics ,; medical and agricultural sciences 
are ruled by physics and chemistry. Nevertheless, subordinated 
sciences have their own special methods and examine their object 
in a way that is characteristically their own and different from that 
of the sciences (e.g. mathematics or philosophy in the case of physical 
science) by which some of their principles are established. Thus even 
subordinated sciences have their own autonomy and retain special 
features which mark them as distinct sciences. 


CHAPTER SEVEN 


SCIENTIFIC METHODS 
INTRODUCTION, METHOD IN GENERAL 


The term ‘method’ is derived from the Greek ‘umetredes’ Croad 
to’); hence etymologically speaking its general meaning is the way or 
manner of doing or making something, the system of procedure to 
obtain or reach the end intended. In science ‘method’ always means 
the way of procedure from the known to the unktrown, from a given 
starting point to final propositions in a determined Reld of knowledge. 
Hence in speculative sciences it indicates the road to propositions 
concerning that which exists or is thought to exist; whereas in 
normative sciences it indicates the road to the norms govesring te 
doing or making of something. 

It is clear that a good method will always be of the greatest 
importance. Without such a method, asa rule, no goorl results will 
be obtained, at least not without much needless expenditure of effort. 
According to Descartes’ well-known expression, “1 ts ttot enough to 
have a clear mind; the important point is to apply @ correctly". Le. 
methodically. 

Especially in the sciences, the use of corrce? methods is tuost 
important in order to make certain that the conclusions are correctly 
connected with the starting point and the foundation, For only in 
this case will the results cbrained be alle to shave in the valuc and 
truth of the starting point. 


General Rules of Livery Scientifie dJethad. Every scientetic 
method is the road from the known starting poiit to a finishing point 
or result which in one way or the other ts linked to this starting point. 
This connection can be estallished in several ways; for example, 
through Jogical reasoning or deduction, or through induction, synthe- 
sis, ov analysis. Before studying these various scientific methods 
separately, we wil) first give a few general rites which mast be 
observed in every sciettife inethod. 


a) The starting potut wnst be clear, true, and certain. Since in 
science one must always proceed from a starting point, cave will have 
to be taken that this starting point be reliable and clear in all respects. 


$5 
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Therefore, steps must be taken to clarify the concepts, render the 
definitions exact, formulate the postulates unambiguously, ete. la the 
case of experiential sciences it will be necessary to observe and deter- 
mine the facts accurately, to separate the pertinent fron) the jm- 
pertinent, and ta put them into an appropriate arder. Lrielly, one 
must sec to it that the starling point (antecedems or premises) is 
clear, true, and certain, 


b)} Lhe problems must be wade ay simple as possible, (a arder 
to tnake the solution of the problems under investigation possible, 
generally an effort has to be made to simplify them as much as 
possible, This simplification can be arrived at by means af a thorough 
analysis and an appropriate division of the concepls or phenomena 
concemmed, because in this way it will be possible to study scparately 
the various aspects of the object investigated, 


c) Coherence must be maintaired, Because a science must be 4 
coherent system, care must be taken to establish and maintain coher- 
erice. Irom premises, in the wider sense of the tenn, whose truth 
and certainiy has been established tme and certain conclusions must 
be derived with logical consequence. This coherence is obtained 
through a carefl observance of the general scientific method and 
through successive and interconnected argaments and proofs. 


d) Well-founded hyputheses are useful. Although the ideal of 
science ts the attainment of truth and certainty, it will often become 
necessary to be satisfied with prabability regarding ane or the other 
part of the data considered or with probable arguments. Hence the 
use of hypotheses is permissible and useful, sometimes even neces- 
sary. However, hypotheses must be sufficiently founded and must 
not be multiplied without necessity. To have recourse to hypotheses 
without any foundation is useless and intolerable in science. 

These are the rules to be observed in every scientific method. We 
must now study some scientific methods more i detail, For abvious 
Teusons we will uot consider the particular technical methods that 
are proper to particular sciences, such as the methods of artthrnetic, 
history, chemistry, archeology, or astronomy, but limit ourselves to a 
study of the common scientific methods wiich are followed in almost 
any science. They are the deductive ated inductive methods, and the 
analyhic and syufhetic methods, Because of the exceptional importance 
of scientific induction, a special chapter will be devoted to it (Ch. 
VIIE}, while ewo other chapters will consider the function of hypoth- 
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esis and theory m science (Ch. 1X) and dewonstration ia science 


(Ch, X), 
I. DEDUCTION AND INDUCTION 


1, Explanation of Terms. Difference Between ‘Abstractly General’ 
and ‘Collectively General’ 


Best known and most jaspartant in scienve are ihe deductive and 
inductive methods or briefly dediction aus! induction, They corre- 
spond to two ways of progressing in thinking, viz, from the general 
and universal to the less universal or particular and individual, and 
from the particular and individual to the peneral aid universal. There 
is little danger that the tertns ‘particular’ and ‘individual’ will be 
misunderstuod in this counectiun. ‘Che sane, however, cannot be said 
tegarding the terns ‘general’ and ‘universal’; bence it will be neces- 
sary to explain brielly the exact meaning of these terms. 


Abstractly General and Collectively General Notions, In dealing 
with general notions a distinction has to be made between ‘abstractly 
general’ or wniversad and ‘collectively general’ or calleetive notions, 
This distinction gives rise to w corresponding distinction between 
universal and collective fudymernts or propwsittons according as the 
subject of the judgment is a tmiversal ora colluchive ler. 

Abstractly gencral or rripersed are ail notions obtained by means 
of the above-mentioned total or formal abstraction. This abstraction 
is the reason why the notions obtained through it are truly universal 
and applicable to all subjects having the sane specific or generic 
essertce, 


A collective notion, on the ovber baad, cdenoles a certain cellection 
or multitude, This may ocenr iu two ways! 


1. The denoted multitide is considered as a whole (a so-called 
nnn accidentade or ‘accidental wirale’) jn such a way that what is 
predicated of the whole dees aut uecessarity apply ta cach of the 
individuals contained in it, Lecause such a culieetive néfion is 
virtually equiyalent to a singtdar notion, we wil call it a collretivety 
Singular notion. Examples of this kind of notion are: the Aimerican 
Army, the Duquesne Baskethall Veam, the Lewis’ Family, 


2. ‘Fhe denoted multitude is considered as the sum total of the 
individuals contained in it in such a way that what ‘s predicated of the 
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collective multitude applies alsa to each of these individuals. Because 
such a notion has a certain general applicability, we will call it a 
collectively general notion. Examples of this kind of notion are the 
subjects of the following propositions: planets move in elliptic orbits 
around the sun; the students in this class are tuore than fifteen years 
ald; the trees of this forest are oaks, 

It is ta be noted that collectively general notions also result froat 
a kind of abstraction—namely, so-called analytic abstraction (cf. 
Ch, III, Sect. IT], 2). The individuals indicated by it can be compre- 
hended by one term because they have something m common and are 
considered under this common aspect, For instance, the term ‘the stu- 
dents in this class’ unites a number of students because of their connec- 
tion with this class. 


Differences Between Universal and Collective Nations. There. 
are two important differences between these two kinds of notions. 


1, With respect to contents, a uttiversal notion has as its content 
the characteristics belonging to the specific or generic essence indicated 
by the notion. In logic this content is called the comprehension of 
the notion. A collective notion, on the other hand, has as its content 
a concrete multitude of determinate things which retain their own 
individuality in the multitude. Thus the content of such a notion 
varies with the number of individuals it includes. In the collectively 
singular notion it is primarily the collection that is denoted, while 
the individuals are denoted oly insofar as they are, or are con- 
sidered to be, parts of this whole. In the collectively general notion 
the attention is focused primarify upon the individual and only 
secondarily upen the multitude, 


2. With respect to exfension, a universal notion has as its exten- 
sion the sum total of all existent or possible objects represented by the 
notion, Le, everything ta which the comprehension of a notion cau 
be apphed in the same way. The individual things failing under the 
notion form a logical whole, and the common bund which makes them 
into a whole is their logical subordination to the notion, For this 
reason the extension of a universal notion is not limited to existent 
things but includes also all passible objects in which the notion is 
verihed. Of the universal notion it is true that its extension increases 
as its comprehension decreases, and vice versa. 
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A collective notion, taken as such,’ does et have extension in the 
‘same sense a$ a universal notion. ic does not appiy 1 an inveterate 
number of objects which participate equally in a conmmon nature ex- 
‘pressed by the collective term. In fact, the collectively singniar notion 
'. is virtually a singular notion; a iamiy, for example, is not predicabte 
of the father atone, the mother alone, or the children alone, but anly 
’ of alf of them taken together as a unit. The collectively general notion 
has only an apparent extension inasuiuch as each member of the deter- 
misate multitude whicl constitutes the content of the notion can he 
‘considered separately. Such a tiotinn is equivalent ro the sum toral 
of a determinate number of singular notions. but coes not rise to the 
". level of universahty, The common band which unites the members of 
a collection is not their ingical subarcination to the notion, byt some 
‘other relation, such as that af purpose or origin, Of the collective 
“notion it is not true that the extension jnercases as the comprehension 
_ decreases, and vice versa. 


Universal and Collective Judgmenis, The extension af a judgment 
: depends upon the extension af its subject-notion; hence it is obvious 
that the division of notions into universal and collective will give 
rise to the division of judgments inio ttuiyersal and collective, 

The universal judgment fas extension in the tne sense of rhe 
term in accordanee wilh the extension of As subject. lt is 
. to all actual and possible ubjects uf which the subject-notion can he 
- predicated. 
| The same cannot he said of the roffective judgment. A collectively 
- singular judgment is virtually a singular judgment; for it can be 
- applied only to the one whole to which the subject-notion is applicable. 
The collectively general judgment apparently has extension; for the 
judgement which can be mace about the whole can be made also about 
its individual members. However, the reason why this is possible is 
~ nat that the subject-notion expresses a common nature, but that it 
ig a collective term indicating the individuals under cone heading, The 
collectively general judganent is cqivalent to « determinate mumber of 
singular judgments, as wary as there are individuals in the collective 
whole. For example, “planets move in elliptic orlits around the site” 
is equivalent to; “Jupiter sieves im an elliptic orbit araand the stan’; 


iWe say taken os such because a collective notinn can sometimes be sni- 
versalized and thus made predicable of all similar collections; e. g., the term 
‘army’ is a universal with respect ¢o all cxistent aud possible armies. 
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“Mars moves in an elliptic orbit around the sun”; “Venus moves in 
an elliptic circle around the sun” ; etc. 

it is to be noted that a judgment such as “all men are morta!” can 
be taken either as a universal judgment or as a collectively general 
judgment. Asa universal judgment, it means "man, as man or because 
of his humat nature, is mortal’, whereas as a collective judginent it is 
equivalent to: “Peter is mortal; John is mortal; Mary is mortal; cic. ; 
briefly, all men are mortal”, Hence in order to avoid possible tmis- 
understandings it would be hetter to use “each” instead of ‘all’? in 
expressing universal judgmetits, or to say without adding any pro- 
noun “man js mortal”. 

In a collective judgment the predicate does not denate an essential 
or necessary attribute of the subject; at least, the necessary character 
of the predicate is not enunciated as such. Its truth value consists 
only in the enunciation of a factual and contingent connection of 
subject and predicate, a connection which has heen derived from 
experience, Scientific judgments, however, are not supposed to be 
mere enunctations concerning concrete and actual phenomena, but 
statements concerning essential relationships. Accordingly, their sub- 
jects must be universal notions endowed with a proper extension 
which includes all aciual and possible ubjects having the same essen- 
tial nature, Hence we may draw the conclusion that collective judg- 
ments do not play any role in the definite stage uf a science, although 
they may be of some value in is provisional stages. 

‘The above explanation of collective and utiversal terms and judg- 
ments may not appear to offer anything new to quite a few readers. 
However, it was necessary to clarify these notions in arder to prevent 
possible misunderstandings about the significance and scientific value 
oi deduction and induction. 


2. Deduction 


Hescriptiont, In general the term ‘deduction’ indicates the intel- 
lectual wperation which derives from two propositions, called 
‘premises’, a third proposition, called ‘conclusion’. Such a procedure 
will be iegiltimiate only if both premises agree in one commor term. 
For this reason it is better to describe deduction by a more detailed 
deRnition as the intellectual operation in which by means of the 
comparison of two terms with one and the same third (the middle 
term), expressed in twa propositions {the premises), the agreement 
or disagreement of the first twa terms becomes known and is ex- 
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pressed in a third proposition (ile conclusias}. When a deduction 
‘is formulated explicitly in this way, it is custemeéry to speak of 
‘deductive’ or ‘syllogistic reasoning” or siuply of ‘syllogism’. 


: Basie Forms of Sqllagism, The most used forms of deduction are 
symbolically represented by the following four sclieutes, traditionally 
known as barbara, celurent, darii and ferto. [ny Giese schemes S and P 


MeP Alay? MeP 
S aM Sat Si ML 


Sob 


‘ indicate the terms that are the subject and the predicate of the con- 
‘clusion, and M the middle term with which S and P are couparedt. 
- The letters a, ¢, i, 0 respectively indicate that the proposition in ques- 
ion is universally affirmative, universally negative, particularly affirm- 
ative, or particularly negative. The other correct fornss of syllogtstic 
« reasoning are reducible to these four basic forins. 
The first proposition or ‘major’ of a deductive reasoning must 
‘always be universal, whether affirmative (Ml a P} or negative 
“(Me P); the second or ‘minor’ may be universal (S a M) or par- 
.Geular (Si M)} and even singular. 

The conclusion has always the same «degree of universality as 
the minor ; hence if the minor is particular ar singular, the conctusion 
also will be particular or singular. 
' Even if the ininor is a universal proposition, as a rufe ii wilt be 
less universal than ihe majar. For instance, 


A spirit is immortal 
The human soul is a spirit 
‘Therefore, the human soul is immortal 


Often, especially with respect to practical applications, the minor 
will be a singular proposition, For example, 


The diagonats of a rhombus are perpendicular 


ABCD ts a rhombus 
Therefore, the diagonals of ABCD ave perpendicular 


Fundamental Principles of Deduction, Tr general, a deduction 
will be a reasoning process which proceeds from the more universal 
to the less universal, the particular or the singular (the individual) ; 
for example, from genus to species, or from species to individual. 
Its most impottant use fies in the application of general principles 
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and taws to subordinate classes of things and to particular cases and 
individual instances. This application is governed by two principles, 
the so-called ‘dictum de omni’ and the ‘dictum de nuilo’. The ‘dictum 
de omnt’ states that whatever is affirmed of a logical whole is affirmed 
of every part of this whole. The above-mentioned examples may be 
considered as applications of this principle. The ‘dictum de nislio’ 
states that whatever is denied of a logical whole is denied of every 
part of this whole; for instance, 


Irrational beings are not endowed with free will 
Atoms are irrational 


Therefore, atumis are not endowed with free will 


It should be clear that deduction presupposes in the human mind 
the possibility of philosophical abstraction, i.¢. that it is possible for 
the mind te obtain universal notions which have an objective founda- 
tion in the things indicated by these notions. As a consequence if 
deduction is applied to real things, it presupposes also that the ob- 
jects indicated by its notions possess a species-individual structure ; 
otherwise the application of a universal proposition to particular cases 
would not make sense. For a universal statement refers to the uni- 
versal (specific or generic) essence of things, and therefore by its 
very tlature can be applied to particular cases or individua) things 
which are individual realizations of that specific essence. 

These brief remarks about deduction ate sufficient for our pur- 
pose, However, care should be taken that no collective proposition 
be used instead of a truly universal proposition; far otherwise the 
result will be a mere pseado-deduction. 


3. Pseudo-Deduction 


First Type of Pseudo-Deduction, By an apparent or pseudc- 
deduction we mean an activity of the human mind which starts from 
a collectively general proposition and applies it to a particular or 
individual case which is included in the collective subject of the 
collective proposition. In appearance this activity will be a deductive 
process because appareuily one proceeds from the universal to the 
patticular or indtvidual, and this procedure is expressed in the 
sylogistic form used in true deduction, In reality, however, the 
propasition used as a major premise is a collectively general proposi- 
tion, whose subject is a concrete multivude of individual cases; hence 
this proposition is equivalent to a number of individual judgments. 
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Thus the ‘conclusion’ predicates of am individaal exactly the same 
thing which in the ‘major’ had already been precheared of it together 
‘with other individuals. 

“VBhe schematic form of such a pseudo-deduction inay be propose 
s follows : 


A, B, C, D,... have the predicate P 
B is one of the individuals A, B,C, 3... 
Therefore, B has the predicate [' 


or example, The boys of this class are olicr Chan fifteen years 
Peter is a boy of this class 
Therefore, Peter is olcler than hfleon years 

There are many cases in which a collectively veneral proposition 
‘applied to individual instances in the form of a syllogism, and one 
should be careful to distinguish such an application from a true 
acess of scientific reasoning. The application, for instance, of 
minal law to a particular case is uot a truly deductive process. 
us suppose that the law states: le who steals fromthe U, 3. Mail 
shall be punishable to from one to two years in prison, We may 
“apply this law and say: Peter Jotmson stole from the U.S. Maul; 
‘and conclude that he is purishable (a from one to ten years iw prison, 
The ‘major’ premise is evidently a collective statement; for there is 
no essential or necessary cennectian between the crime and tke pun- 
“2 ishment mentioned; the ‘minor’ merely states hat in Johnson’s case 
oe ae ive have to do with one of the cases covered by the cailective state- 
: tment; hence the ‘conclusion’ does not teach us anything new, and 

the whole process does not deserve the name of deduction. It lias no 

scientific value and should be carefully distinguished from traly 
.. deductive reasoniag. 


Second Type of Pseudo-Deduction, .\ pseudo-deduction which 
“exhibits clearly the above-mentioned schematic form is not easily 
“mistaken for a true deduction. However, there is another kind af 
| pseudo-deduction, which occurs rather frequently. In this type, the 
_ > ‘major’ is a collective proposition which is extended to a case that 
‘Sis not included in the collective subject but closely resembles those 
that are included. In other words, the ‘majar’ is made to hear upan 
+: analogous cases. This form of pseudo-deduction may be schematized 
"as follows: 
: A,B,C, D,... have the predicate P 
X ts similar to A, B,C, Do. . 
Therefore, X has the predicaie P 


64 The Philasaphy of Scrence 


his type of mental procedure wccurs, for mstance, if a rule obtained 
by 2 mere experience’ in certain individual cases is extended to 
analogous cases that are not included in the collection of cases covered 
by expericnce. Medical experience, for example, has shown that in 
trany cases penicillin prevents ar retards the developnient of bacteria ; 
and the result of this experience is now applted to new cascs unt 
studied before. 

The use of this type of pseudo-deduction is very common in prac- 
tical sciences, such as medicine, sociology, economy, ete., but it occurs 
also in theoretical sciences. In physical science, for example, there 
are many so-called ‘laws’ which are mere rules of experience or 
collective statements about singular cases. To give au exaniple, 
atomic muclei with an even number of protons and neutrons have a 
moment of momentum equal to zero, This rule has been observed in 
a few cases only; yet it is supposed to be generally true and is, in 
theoretical considerations, applied to other atomic nuclei of the same 
conditions. 


Vulue of Pseude-Deduction, While in the first type of pseudo- 
deduction the so-called ‘conclusion’ is certain and true but does not 
teach us anything new, in the second type of pseudo-deduction the 
‘conclusion’ may be true or false. If it ig teue, it teaches us something 
new, but we are not certain of it because there is neither insight into 
the necessity of the asserted relationshtp nor experimental verification. 
Tf the conclusion is not true, it is obviously without any value. Since 
it is impossible te decide whether one has to do with the application 
of a collective statement which is new but uncertain or with one that 
is certain but not new, the ‘conclusion’ remains theorctically doubtful. 
Nevertheless it may haye some practical value because it may lead 
to a successful practical treatment of the case under consideration. 

It was necessary to insist wpon the difference between true and 
pseudo-deduction because otherwise there would be danger that the 
conclusive force of a true deduction would be put on a par with that 
of the pseudy-deduction. The true deduction can lead to scientific 
knowledge, but not the pseudo-deduction, although the latter may have 
a certain practical value. 


1The words ‘rule’ and 'mere experience’ are used here to distinguish such a 
proposition from laws and principles which are based upon an insight into the 
essential or necessary relationship between subject and predicate. Fxampies 
nf such rules are so-called statistical laws, rales of positive Iegistcgation, ete, 
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#emark. According to Stuart Mill (1806-1873) every deduction 
is a psendo-deduction because, in his opinion, universal notions and 
universal judgments are impossible. Experience alone is the source 
of all knowledge, and induction is the only scientific method; hence 
a general stutement, no matter how clementury, has no other value 
than a collection of singular statements about factual data. In this 
way, reasoning from the universal to the particular becomes impas- 
sible because there is no such thing as a universal. It would lead us 
too far afield to examine this theory and to show why it is wrong. 
“Lhe interested reader may be referred to ex professo studies of the 
matter, 


4, Induction in General, Different Kinds of Induction 


Notion of induction, By induction in general is meant the pracess 
whereby one passes from the less universal to the more universal, or, 
more strictly, from the individual or particular to the general or uni- 
versal. In some way or other, all our knowledge takes its beginning 
in sense-experience, which is knowledge of the concrete and individ- 
ual; hence the inductive process is the most fundamental of all in 
human knowledge, According to Aristotle? induction is even the only 
way in which mat can obtain intellectual insight. It is the road which 
Ivaits from the level of the sensible and the individual to the intellec- 
lual and universal. In a setise, induction is more natural for man 
than deduction, although desductiun gives a more perfect knowledge 
because it starts from the universal, which has a higher degree of 
intelligibility, 


fuduction and Concepis. When the term induction is ased in a 
very general sense for any transition from the particular to the gen- 
eral, it may be applicd even to the formation of experiential concepts. 
Wor in these concepts, too, the experience of individual objects of the 
same kind finds its term in something general, viz, the universal con- 
cept, The very phantasmat images which frequently keep accompany- 
ing experiential concepts, even a jong time after their acquisition, 
bear witness to their origin in experience. Usually, however, the 
intelleetual process leading to the formation of universal concepts is 
not called inditctioa hat in general abstraction and specilically physi- 
cal, mathenvatical, or philosophical abstraction according to the levet 
on which the furmal process terminates, Le. according as the process 


Post Anat, Bk. If, ch, 19; 100Gb 3 i. 
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results in general concepts concerning the sense-perceptible world, 
mathematical concepts, or philosophical concepts. 


Induction and Judgments. Usually, the term ‘induction’ is reserved 
for the intellectual process which derives a general judgment from 
judgments concerning particular or individual complexes of data. 
This general judgment may have a twofold character: it muy be col- 
lective (collectively general) or universal (abstractly general). As 
we have seen above, these two types of judgments diifer in important 
points; hence the corresponding types of induction deserve to he 
treated separately. 


First Type of Induction. In a collective judgment one jointly 
enumerates individual statements concerning particular phenomena 
without penetrating inta the essence of things. For example, if it has 
heen observed for each planet separately that they have a smaller 
density than that of the Earth, this truth may be expressed in the 
statement: all planets other than the Earth have a smailer density 
than that of the Earth. Such a statement has no other value than any 
other collection: it is an easy way of summing up in one statement 
niany individual statements. 

The enumeration feading to a calfcelive statement tay extend to 
all the individual cases in which a certain predicate is fuund to be 
truthfully predicable of its subject or not. If it extends to alt, the 
induction will be called complete induction of rather tadaction by com- 
plete enumeration, If the enumeration does not cover all cases, but 
the colfective judgment is extended to non-observed cases in the belif 
that they, too, have the same character, the process of induction is 
incomplete but completed by analogy. In the most favorable case all 
individual instances, both observed and non-observed, wil iave the 
same character, and the value of such an inductive process is equal to 
that of complete induction, For istance, after observing that the 
orbit of Mars was an ellipse, Kepter concluded that the orbits of all 
planets are ellipses; this conclusion was later shown tu be trac. lFre- 
quently, however, there will be exceptions, so that the collective iudg- 
ment is merely a rule that applies most of the time. To give a few 
examples, 


Metals are heavier than water. Exceptious; lithium, potassium, 
sodium. 


'See above, Chapter 11], Sect. IV 
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Gases, hquids, and solids expand when heated. There are many 
exceptions; such as water in the temperature region of O—4 
Centrigrades. 

The volume of a body increases in melting and decreases in solidi- 
fying. Well-known. exceptions are iron, silver, and bismuth. 


The collectively general judgmeats obtained by such inductive 
processes are sometimes used as the ‘major premises’ in pseuda-de- 
duction, as we have seen above in this chapter. 


Second Type of Induction. Very aften it will be possible to con- 
clade from the observation of individual and particular instances of 
the same kind to the abstractly general or universal, from the indivi- 
dual to the species or genus, so that truly universal concepts and 
judgments are formed. This possibility will arise if the particular 
observations point to qualities which have an essential or necessary 
character, so that they must be present in all objects having the same 
essence, i.¢., in all objects denoted by one and the same abstract 
concept or belonging to the same logical whole. In such a case it 
will be possible io make a statement concerning this essence which 
is truly universal. 

‘The possibility oi such a procedure enables us to arrive at generat 
stitements about necessary and essential qualities and to discover 
scientific laws. In this kind of induction there is no necessity to 
observe all the individual instances of a certain nature-—it would not 
be possible anyhow—al] that is needed is sufficient observation to 
penetrate info the essence of the observed phenomenon. Sometimes 
one instance may he stffcient for this purpose: eg. from any individ- 
ual triangle or parallelogram a mathematician is able to deduce the 
essential qualiticvs proper to a triangle or parallelogram in general. 
Generally, however, a single observation is not sufficient. Later, in 
Chapter VIET, we shall see how it is possthle to distinguish essential 
qualities fron) contingent ones in the data ef the senses. 

Aecaiise mo complete observation of ali instances is necessary, this 
kind of induction is caHed sneonipleie taduction. It is also known as 
setentific induction because it leads to truly scientific statements and 
laws. 

Because of the exceptional importance of scientific induction in 
the study of the sciences, and especially because of the difficulties 
acising in its philosaphical foundation, a special chapter will be 
devoted to this method. The discussion that foilaws here therefore 
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will be restricted to complete induction and by-analegy-completed 
induction. 


5. Complete Induction and by-Analogy-Com pleted Induction 


Complete Induction or Induction by Complete Enumeration. As 
we have seen in the foregoing, complete induction results only in the 
recording of a number of individual statements in a collective state- 
ment. IndividuaS things or phenumena of the same kind are con- 
sidered under a certain aspect by means of an analytic ahstvactian, 
The resulting statement is a collectively general statement, equivalent 
ta a determinate number of individual experiential statements. 

Such a collective staternent may have certain practical advantages, 
inasmuch as its simplicity renders it easier to handle the multitude. 
There is no question, however, of real progress in knowledge, of a 
transition from the known to the unknown. The collective statement 
does not give us a better insight into the nature of the objecis cot- 
sidered than any of the individual statements; it neyer rises to the 
level of the universal statement. Complete induction establishes 
merely what is in fact, butt it does not establish that or why it aust 
be so. It does not arrive at the reason underlymg the relationship 
between subject and predicate expressed in the collective stulument, 
because it merely records the observation of sense experience, which 
¢an never reveal the essence of the things observed. 

For this reason conipiete induction does not rise to the level of 
truly scientific knowledge and does not lead to an insight into the 
phenomena under investigation, because it docs not give knowledge 
of the causes of these phenomena, 

The analytic abstraction upon which it is based merely elassilies 
objects according to their characteristics in accordance with the 
methods used in their observation or a certtin pre-established pur- 
pose. Contrary to total and formal abstraction, it is not able to judge 
about the necessity or contingency of these characteristics. 


Even if all individuals of a collection show the same chararter- 
istics, one is not justified in concluding that these characteristics are 
necessary in the sense that they find their origin in the essential 
structure of these individuals. For example, in all maninals one 
can find traces of hair, yet this characteristic certainly docs not flow 
from the nature of mamtoal, which implies qerely that the female 
suckle their young, 
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«i prigri speaking, it is possible for a contingent quality to be 
present iz all cases because of certain permanently present external 
circumstances ; for instance, weight is found in all bodies because of 
their permanent prescuce iu a gravitational field. However, the 
regalar occarrence or permanence of certain qualities may indicate 
that there is a basis for them in the essence of the objects considered ; 
and ul such a case this essential basis remains to be investigated, 


By-Analogy-Conipieted Hiduction, Generally it is not possible to 
investigate all individual instances of 4 group of phenomena or ob- : 
jects. In such eases a farge number of cases are investigated, and ; 
the result of the investigation is laid down in a rule. Tiis rule is 
then extended to unobserved instances of the same group because of : 
their similarity or analogy to the observed cases, in virtue of the 
principle of analogy: “analogous phenomena usually have analogous 
causes, effects, and properties”. 

This type of induction is used very frequently in daily life. What 
is observed in many instances is generalized as a mile supposed to 
be valid in alf cases. But it is made use of also in scientific investiga- 
tions, at least on a2 provisional hasis, when it is not possible to obtain 
certanity about the essential character of a suspected relationship by 
means of scientific induction. As examples we may paint to Lavoisier's 
law of the conservation of weight, ut least ut the time of its discovery, 
and Proast’s faw of constant composition, 

The valic of such a process of induction is, in the most favorable 
case, equal to that of complete induction. In suck a case, the resulting 
statement is a collectively general statement and stands for a multi- 
tude of singular statements. There is na question of real progress in 
knowledge, of a transition from the known to the unknown. With 
respect to the observed instances the general collective statement is 
true and certain, but with respect to the unobserved instances it has 
been extrapolated and therefore can be either true or false. Hence 
with regard to these unobserved instances it bas only a certain proba- 
bility, althougt it aay le used for practical purposes. 


Scientific and Practical Value of Complete and by-Analogy- Com- 
pleted Tuduction. Although complete induction dees nut lead to new 
knowledge, and induction completed by analogy at most leads to un- 
eertain or probable knowledge, nevertheless they often have great 
valu: for science and fur practical purposes. 
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With respect fo science, they ate valuahle tor the organization 
and classification of scientific data because they make possille a quick 
survey of observed data; eg. in such sciences as linguistics, descrip- 
tive sociology, ethnology, medicine, ete. For example, they can pro- 
vide the necessary data for the investigation of the reialivaship he- 
tween the occurrence of certain diseases and climate, region, age, 
general health, habits of living and working, income, ethnic back- 
ground, atmospheric conditions, sun spots, etc. The gathering and 
classification of such data can lead to the discovery of a regular can- 
nection between certain data and consequently to the discovery of 
an essential or necessary relationship. 

With respect to practical purposes, they have yalue, especialiy 
in the field of practical and normative sciences, such as ethics, law, 
normative sociology and economy, medicine, etc. lor exampie, sta- 
tistical rules concerning the behavior of man under certain condi- 
tions, or the occurrence and course of certain diseases, may lead to 
the formulation of definite rules of conduct. If, for instance, obserya- 
tion shows that bad housing conditions give rise to an increase in 
immorality, it becomes imperative to establish good housing conidi- 
tions; if certain mineral springs are observed to have a heneticial 
influence upon a given disease, a visit to these springs can be recom- 
mended to sufferers of this disease. 

In this way, rules established by means of fiduction completed 
hy analogy offer a possibility of practical applications in other similar 
instances. However, such applications are hypothetical in nature and 
do not rise above a greater or lesser degree of probability. Every new 
concrete instance to which the rule is applied may deviate fram the 
established rule. For example, the course taken hy a concrete case 
of illness may differ from the genera! rule established by experience, 

If the application of such a general rule of cxperietice to a con- 
crete instance is considered as a transition from the general to the 
patticular, one has to do with what we have called ahve (No. 3) a 
psetda-deduction. 


6 Schema of Deduction and Induction 


We will conclude this discussion of deduction and induction lw 
giving in schematic form a survey of the various forms of deduction. 
and induction, 


71 


fic Methods 


crentt 


S 


INJEA AyTUATIS Alay Ee sey 


SUONYIII feusssa Bupra3a 
sued = subtyisadesd = RSina 
-1un PU SME, UL syynses 


apOYM peasy, 
E of suayjae worsnp3ua2 ay] 


uoroupat ayayduivsut 


feasuad Apporszysqe 
aq OF PEN ApUr 10 3e] 
-nayind ay} wor Spaas0ad 


MousNpry I0fsp671IF 


anyea 


‘moipeid «os | Ae Xe 


BPO FANjD9[fOI = 
OF ayqrordde saya ut synsos 


3joyM aaly J3q]0> 


RO} ssa,e4 RoIsNpaues, 94) 


(vores 
nue ayes 
<q uonanp 
ut} wotanp 
“ut aja de> 


adh; jsatf 


ASOTE 
-az Aq pay 
-wa2a = woOqanp 
cul ayapdluaout 


adit; puoras 


Jeartie? «] 
-RATJATJOI JYZ GO} PHUprAspaur a0 
renaysed a1 wos} spasvostt 


WON INPUE IfyHIIT-tON 


ptssea® a4 99 TRAPlLAypur Io 'iepNansed ‘Tested ssay ayy croay 
KOITLBNAINI 


ANRA dyTWars Ay & sch 


UOISUIKD FU 
TapUA By R] sosea Ie} 
-ard ay} jo ano 0} 2OfrHr 
TesseAtun 9yP JO ono 
-de ur St wOISDpUDD aIy 


S95) 
ayissod Pue pee [re ay 
soydde yor Quaw3pnf 
yesisAmn & st tote, ay 


FeMIPLATpUE 40. re] 
snotpied 94) OL pesausd 4] 
-PRI}SE at) wWoIZ spavsosd 


uosponpap ausnust 


H 


jtoywesd = duos 


SAoyeue urey 
“4a & jo BsnTD 
29 0 -pPapHaixe fofteu, ayy 
3 oir, ayy] ar papnypaut Ay 
quay OF QUDtu - -Iydx JUDE 
-Spnf aeyhoy |} -apol arp 
-1ed © st uOIs, Vd & 41 oS 
-nyauo3, = au} | -Typsutga, = a} 


ages isayf 


i i 


agij ptnsar 


quaudpnl 


sAQoYINS «Bost sate, ayy 


TepiArpur 
10 annayaed ay] Oo} Jesaued 


| A[BATINIYOI arm woz spasdo.1d 


woHlnpap-opnarg 


JERprapue ro ‘supnased ‘pessuaF ss2p ay] Of pes IGT Ay} yO Uy 
NOILonNose 


72 


The Philosaphy of Science 


IL. ANALYTIC AND SYNTHETIC METHODS, A POSTERIORI 
AND A PRIORI METHODS 


Apart from the inductive and deductive methods, which piay the 
most important role in the methodology of the sciences, there are 
other methods which deserve our attention—namely, the analytic and 
synthetic methods, and the « postertur: and « frivre mucthals, The 
terms ‘analytic’ and ‘synthetic’ point to the manner in which one pro- 
ceeds, Le. whether analysis or synthesis is predominant in a scientific 
procedure. The terms ‘¢ postertort’ and ‘a priv’ on the other hand, 
indicate whether the known datum which serves as the startiig point 
of the scientific process is prior or posterior in the order of reality to 
the unknown of which knowledge is sought. Of course, the terms 
‘prior’ and ‘posterior’ should not be understoad here as referring to 
time, but to priority or posteriority of nature. As we wiil see in the 
course of this section, the analytic method partly coincides with the 
@ posteriori method, and the synthetic method does the sane with 
respect to the a priori method. In such a case the ruethod used will 
be analytic and @ postertor? or synthetic and @ priors, 


1, Analytic and A Posteriori Methods 


If the known datum is posterior in the order of nature to the 
unknown of which knowledge is sought, one will have ta proceed 
regressively or @ posteriori. Thus one proceeds against the natural 
order of things: from the particular or more detcrminaie to the 
general or less determinate; from the concrete to the abstract; from 
the complex or composite to the sunple or ta constituent clemeuts ; 
fron the properties of things to their nature; from effect tu cause; 
from conclusion to principles; from applications to the thesis. 

In this method the known datum will be stripped of its complex 
structure; the composite or the cotmplex will te resalved into its 
component simple elements; the abstract will be separated from the 
concrete; etc, Hence it is clear why this method is called aamysis 
{fram the Greek verb ‘analyety’, to dissolve, to separate). 

Analysts may be either real or logical. In real analysis a real 
object is decamposed into its heterogeneuns parts, and the eounectian 
of these parts with one another and with the whole is determined. In 
logical or intellectual analysis a concept or statement is resotved into 
more simple concepts or general principles so that there will he @ 
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transitict trom the psriicuiar to the geucral; e.g. in an amducave 
process, In both cases the result will be obtained by anaiysis. 

With regard to the names of the method, if emphasis is given to 
the regressive aspect of the procedure from what is posterior in the 
order of nature 10 what is pwier, it will be called an a posteriort 
incthod ; if, however, the anulsdic aspect. is more emphasized, it will 
be celled an aualviic method, Altheugn in many cases the analytic 
character will perhaps be more ahvious, the a postcrigrt character is 
more profound. Moreover, it is to be noted that the term ‘a posterior: 
is more general than the tern ‘analytic.’ Por not every @ posterior: 
procedure arrives at sometling more simple by means of an analysis 
of the wore complex. For instunee, the cause reached by an a 
posterior: method may be more complex than the actual effect. 

With respect to the means of demonstration used in this method, 
it will be sufficient to point out that it uses induction and deductive 
& posterior’ demonstration. 


2. Synthetic and A Priori Methuds 


If the known slatum which serves as the starting point of the 
process is prior iu tie arder of nacure to the unknown of which knowl- 
edge is sought, one has ta proceed progressively or a prieré. 4n thts 
case, one proceeds in accordance with the aatural order of things: 
irom the general or less determinate to the particular or more cleter- 
minate, 4g. from species to individual; from the abstract to the con- 
crete; fram the simple to the complex; ftom elements to the com- 
posite; fram a nature to its properties; from cause to effect; from 
principle to concluston; front a thesis te its application, from law 
to fact. 

In this methad known elements will be combined into a composite 
whole; abstract data will be put together into a concrete combina- 
tion; principics will be joined to reach a conclusion; ete. Ifence it is 
clear why this method is called syéiesis Grom the Greek verb 
‘syntithenut’, ta put together). 

Like analysis, synthesis ay be real or logical. It is rea? if real 
component parts are united into a reat whole, as building blocks into 
a structure. It is éogicul or inteflectual if a complex notian or a 
connected system of theses is cunstructed from general concepts or 
principles or if parts ate arranged according to the logical whole to 
which they belong. In both cases, the result will alwys be a kind 
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of composition or synthesis of something less determinate with other 
more specific elements. 

With regard to the names of the method, it is called ‘a priori’ 
because of the progressive procedure from what is prior in the order 
of nature to what is posterior, and ‘synthetic’ because of the compo- 
sition or synthesis which this procedure implies. According as the 
first or the second characteristic reveals itself more clearly, prefer- 
ence is given to the first or the second name. The @ priori character 
is more profound, but the synthetic feature may sometimes revea! 
itself more clearly, Flere, again, it is to be noted that the term 
‘a priort method’ is wider in meaning than ‘synthetic method.’ For 
not every procedure @ priori is necessarily synthetic; eg, that from 
cause to effect, or that from nature to property. 

The demonstrative means used in this method is the ceductive 
@ priori demonstration. 


3. The Connection Between Analysis and Synthesis an the one Hand, 
and Induction and Deduction on the Other 


Every inducéion is analytic, for it obtains its results by means 
of the analysis of the complex data of experience. Induction procceds 
regressively, starting from what is ontologically posterior, Deduction, 
on the other hand, is synthetic, for it reaches its results by uicans 
of composition. In a deductive argument the conclusion is reached 
by the combination of two general propositions or of one general 
proposition and an experiential judgment. Deduction is usually also 
progressive because in general it proceeds from what is ontologically 
pnor; eg. from species to individual. However, there are also deduc- 
tions which, at least in part, proceed from what is ontologically 
posterior ; e.g. the proofs for the existence of God from ihe existence 
of contingent heings by means of the principle of causality, In mathe- 
matics, too, there are many a posferiort deductions; c. y., if one proves 
that a figure constructed in a determinate way is a parallelogram 
or a triangle. Nevertheless, such an @ posteriori deduction remains 
synthetic. The reverse, however, is not true, Not every analysis 
is an induction, and not every synthesis is a deduction. The concept 
‘analysis’ comprises more than purely scientific induction, for it ap- 
plies also to the abstractive formation of concepts, a postertors deduc- 
tion, and real analysis. ‘Synthesis’, in turn, comprises more than 
mere deduction, for it applies also to the formation of a judgment 
and to real synthesis, 
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4. Combination of  Methads: Deductive-Inductive, Analytico- 
Synthetic Methods 


No science is exclusively deductive or inductive, analytic or syn- 
thetic. Nevertheless, it is quite possible for a science to he pre- 
dominantly deductive or predominantly inductive. For instance, 
mathematics is predominantly deductive, for it usually proceeds from 
the general to the particular, and views a particular problem as an 
instance of a more general problem. Even if a mathematician arrives 
at a particular thesis without deduction, he will never be satisfied 
beiore he has been able to deduce it fram more general theses, which 
in turn are based upon fundamental mathematical principles. Never- 
theless, even in matheniatics, it will frequently happen that recourse 
must be made to induction, especially when hitherto unexplored prah- 
lems demand a solution. On the other hand, a science can be pre- 
dominantly inductive, as is exemplitied by the experiential sciences, 
especially physical science, Hut even in physical sciences deduction 
has to be used if particular phenomena are to he explained from a 
broader point of view, or if particular laws have to he derived from 
more general ones. Hence the theoretical sections of these sciences, 
such as theoretical physics, are predominantly deductive. 

Deduction is, as we have seen, a kind of synthesis, and induction 
a kind of analysis. Hence the combination of induction with deduc- 
tion is at ihe same time a combination of analysis with synthesis. 
For human sciences as a whole, the analytico-synthetic method is 
the only true methed. Especially in the experientia! sciences man 
has to slatt from the data of internal and external sense experience. 
Facts anc particular data have te be analyzed in order to reach 
knowledge of the general or to proceed from effect to cause, Next, 
the knowledge acquired in this manner has to be applied to particular 
cases by deduction, and general concepts, principles and laws have 
to be used synthetically to obtain an insight into complex reality. 
In other sciences, too, such as mathematics and philosaphy, one has 
to proceed analytically and synthetically. With respect to mathe- 
matics, this is clear fram what has been said about its use of dedtc- 
tion and induction. Moreover, the first mathematical concepts, such 
as number, point, and line, are obtained by abstraction and therefore 
analytically, The same is true of certain axioms, stich as the funda- 


1Ci. P, Henry van Laer, Philosophico-Setentific Problems (Duquesne 
Studies, Philosophical Series, vol. 3), Ptetsburgh 1953, Ch. VII; also Pare 1) 
of this book, 
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mental axioms of Iuclidean geometry. Philusophy also combines 
analysis with synthesis. Vor instance, in theodicy, one frst ascends 
from the world te God as its Arst cause, and then endeavors to derive 
from this knowledge of God a better insight inte the relationship 
between Gad and creatures; iti psychology, a study of the activity 
of intellect and will leads to an insiylt into the nature of intellect 
and will, and this knowledge, in Urn, is used to obtain a betler insight 
into the nature of free acts of will. 


5, Some Remarks Concerning the Use of Analysis aud Synthesis 


In general, we may say that in scientific endeavors the analytic 
method is used to obtain an insight into the complexity of the data 
of experience and thus to arrive at truth. The synthetic method, 
on the other hand, is used te construct a coherent system, called a 
science, in which the particular is assigned a place ia the Jight of 
the general. 

The synthetic method is more suitable for a didactic exposé, which 
aims at the clarification of the particular by means of che seneral. 
Sometimes, however, the analytic method is dicucticaliy preferahle— 
namely, if it is desirable to show how a certain truth has been discov- 
ered, as for instance, itt an historical study af physical science, 

Besides, the preponderance given to either analysis or synthesis 
may be a question of individual preference. Certain aiinds are more 
inclined to analysis; they apply themselves to the accurate abserya- 
tron and resolution of camplex data; they have what Pascai has called 
esprit de finesse. Others are more synthetically inclined: they like 
to construct systems in which the particular is seen and explained fram 
the general; theirs is /esprit de géomeétrie. 


CHAPTER EIGHT 


INCOMPLETE OR SCIENTIFIC INDUCTION’ 


INTRODUCTION 


Just as the other types of induction, scientific induction is a 
transition fromm the particular ta the general, Hut while complete in- 
duction and by-analogy-completed induction imply a transition from 
the particular to the collectively general, scientific induction is a 
transition from the particular to the abstractly general or universal. 
The judgment resulting from @ process of scientific induction purports 
to be a judgment concerning essential qualities and necessary or 
essential relationships between phenomena. 

Thus scientific induction amounts to this that after sufficient ob- 
servation and critical examination of individual instances, subject to 
sense expericnee, a conclusion is drawn regarding the necessary or 
essential relationship hetween certain data of observation. This con- 
clusion is expressed in 2 proposition whose typical formulas are as 
follows : 


Property B is necessarily or essentially connected with subject A. 

Phenornenon B ts necessarily or essentially connected with phen- 
omenon A, 

A is the cause of B. 

UB is the effect of A. 

In these formulas A and B do not stand for individual instances, but 
indicate something specific. In many cases propositions such as 
these formulas are called laws! or ‘natural laws’, 

In opposition to the complete induction discussed in the preceding 
chapter, scientific induction is called incomplete, because not all the 
individual insiances of a phenomenon are investigated. Such an in- 
vestigation would not ever be possible, because scientific induction is 
not cancerned with a definice collectton, Lut with an abstract or logical 
whole, of which the individual instances are logical inferiors, 

In the respect of incompleteness it resembles the abave-described 
incomplete induction which is completed by analogy, However, there 


IMoest of the coments of this caster has been previously published in Dutch 
under the tithe “Wijsperize agpecten van de wetenschappelijke inductie”, Tajd- 
schrift voor Philosophie, vat. 16 (i934), pp. $5-84. 


77 


78 The Philosophy of Science 


is also a very important difference. In by-analogy-completed mnduc- 
tion a rule established by experience regarding a limitedt tamber of 
instances is extended to others because of their anafogous resemblance. 
But in scientific induction a universal conclusion is drawn from a 
critical examination of a limited number of instances becatse thts ex- 
amination has given an intellectual insight into ihe nature of the 
phenomenon under investigation. 

This type of induction is called scientific because it gives a setentifie 
insight, i.e, a certain insight into the nature or essente «i the object 
considered. Scientific induction ts the basic method of investigation in 
experiential sciences, especially physical sciences. Of the two terms 
‘scientific’ and incomplete’ induction, the former is preferable because 
the term ‘incomplete’ applies also to what we have called above ‘by-ana- 
logy-completed induction’ ; for the use of the same name for both types 
could become an occasion for confusion. 


Remark. It is to be noted that for an empiristically-mmnded 
scientist there is no difference between by-analogy-completed induc- 
tion and scientific induction. According to empiricism, our knowl 
edge can never rise above the data of expericiice so that true knowl- 
edge of essences is impossible, A realistically-minded scientist, how- 
ever, accepts—and justly so—that our intellect is capaivle of deriving 
certain knowledge of essences from the data of sense experience; 
hence for him there is a great difference between ihese two types 
of induction. But he, too, is convinced that in practice it will often 
be difficult to arrive at essential knowledge atid (hat one cannot 
always exchade the possibility of mistakes in this matter. Thus it 
may happen that what apparently is a true scientiftc induction is in 
reality nothing but by-analogy-completed induction. This possibility 
of mistaking one type of induction for the other is an added reason 
why it is important to realize their difference so as to he on guard 
against the dangers inherent in induction, We will have an oppor- 
tunity to revert to this question in a Jater part of this study. 


f. THE PROPER CHARACTER OF SCIENTIFIC INDUCTION 


A Difficulty. At first sight, scientific induction makes a rather 
strange impression. How is it possible to make the transition from 
the sense experience of individual instatices which exlibit a certain 
regularity ta a wniversal conclusion which asserts a sectssary of 
essential relationship? One cannot, without any farther justiheatan, 
make the feap from a sumber of simitar individual instances to every 
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instance and a universal judgment. Not even the examination of 
very many instances would justify such a procedure. Hence even 
in the most favorable case so-called scientific induction would not 
amount to more than by-analogy-completed induction, and therefore, 
with respect to unobserved instances, it could not offer more than 
a certain probahility and a basis for a psychological conviction that 
the rule is likely to apply to all instances. As a matter of fact, Hume 
and the empiricists take this viewpoint of scientific induction. 


A Spontaneous Conviction. Whether he is realistically-minded 
or not, in practice every scientist will frequently and, as it were, 
intuitively pass from the observation of a regular connection between 
two phenomena in a number of individual instances to a conclusion 
which is considered (or at least treated) as a proposition that 
expresses a necessary connection and therefore is applicable to new 
unobserved instances. Yet such an application is legitimate only if 
the proposition is really of a universal nature. 

it is evident that this situation raises an important problem. If 
the conclusion is really of a universal nature, in the sense explained 
above (Ch. If, Seet. fi, 3 and (11, 4; Ch. VII, Sect. I, 1), its 
foundation will have to be more than mere sense experience. The 
very certainty of the conviction with which such a universal con- 
clusion is drawn is a sign that in such a process one has to do with 
a conscious oF unconscious application of general principles that 
forsr: part and parcel of the human mtind, and that these principles 
are sufficiently clear not te cause any difficulty in their application 
to a particular case. If this is so, sctentifte induction will find its 
justification in a logtcal deduction, and this logical deduction wiil 
explain why man is convinced that fe has a true insight into the 
nature of the object under cunstderation and that his procedure is 
legitimate, For only deduction is able to give such an insight inte 
the necessity of the conclusion, 


Objective Foundation of This Conviction. Tt is the task of the 
philosophy of science ta fine the hidden foundation of scientific induc- 
tion and to discluse the general insights and principles upon which 
man relies, as it were, intuitively in their concrete applications. 

The deductive process which justifies the process of inductive 
reasoning is easy enough to find. We may formulate it as follows: 


Major: Whatever happens with regudartty, i.e, without exception, 
in the material world happens of necessity. 
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Minor: An investigation of the data of experience shaws that a 
phenomenon of species A is regifarfy accompanied by a phe- 
nomenon of species B, 


Conclusion: Therefore, a phenomenon of species A is necessarily 
connected with a phenomenan of species B. 


In case the minor is formulated differently, the conclusion may be: 
properly A belongs of necessity to subject 13, or pheuomenon B is the 
effect of cause A. In all cases the conclusion expresses something 
specific and essential; it is a yennine ubstractiy general statement, 
which therefore can be applied to individual instances. 

This process is a true deduction, ut least if the inajor premise is 
a universal preposition, which we will have to investigate later in this 
chapter. The minor is the result of a scientific inductive investigation, 
which has to be performed in accordance with the methods of the sci- 
ences concerned. Because of this minor the whole process itself is 
called inductive reasoning or induction, fur itis an intellectuai analysis 
of observed individual facts which leads to a conc!nsion concerning 
the necessary relationship between phenomenon A and B. 

Of course, the fact that the inductive process of thought uses de 
fecto general principles and that this process can be represented ex- 
plicitly in a deductive syllogism, does not ouliterate the essential dif- 
ference between induction and deduction, For it remains true chat, 
contrary to deduction, induction starts fram the concrete and individual 
and leads to an abstractly general statement. However, this process 
of thought is justified only if, consciously or unconsciously, it is based 
upon general principles which express intellectual intuitians, To make 
these intuitions explicit it is gaod to start from tle above-mentioned 
deduction and then to search for the foundations on which the major 
and minor are based. Again it is the philosophy of science which has 
the task of finding the basic insights and principles of which the major 
is an application and showing that the investigation of individual 
instances can lead to the canciusion about regularity which consti- 
tutes the miner premise of the above-mentioned deductive process. 
The foundation of the major wili be found in the realin of general 
philosophy or metaphysics—namely, in the principie of regularity. 
The foundation of the minor well have <o le songht tn a critical 
analysis of the method followed in the sricntific investigation cf the 
data of experience. In the course af this analysis it will become clear 
that this scientific examination is bused tipe various presuppositions 
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which can be justified only by philosophy. The subsequent section 
of this chapter wilt be devoted ta a study of these foundations, 


II. CRITICAL EXAMINATION OF THE FOUNDATION OF 
SCIENTIFIC INDUCTION 

In the examination af the foundation of scientific induction it is 
necessary to distingttish the foundations that still belang to the sphere 
of the special sciences, such as the physical sciences, from the founda-~ 
tions that must be presupposed by these setences, We will call the 
former the isediete foundations, and the latter the ultimate founda- 
tions, Evidently, the examination and justification of the foundations 
that are presupposed by the special sciences lie outside the sphere of 
these scicnees and therefore belong te the realm of philosophy. 


1. Immediate Foundation 


The starting point of scientific induction Hes in the observation 
of some or, if need be, many instances which are judged to be of the 
same kind in a definite respect. Accordingly, in general the interest 
is not focused on the individual instances for their own sake, but only 
insofar as they may be considered to represent a species. For the pur- 
pose is to arrive at a universal statement regarding the specific nature 
of things. For this purpase it is not sufficient to have at one’s disposal 
a number of isolated judgments regarding observed singular things, 
The observations or possibly the experiments wil) have to he arranged 
in such a way that it will be possible to distinguish the specific prop- 
erties from the individua!l determinations, and to discover, moreover, 
a regular connection. The general method used by the physical sci- 
ences may be briefly described as fotlaws. 


General Method of the Physical Sciences. 1. In the first place, 
the observed instances must not be considered separately, but brought 
into a mutual relationship with ane another and with other instances 
of the same kind observed in different places and at different times. 
Sonetimes they are compared also with instances of + different kind 
with which they share certain characteristics, 30 that if is possible 
to arrive at a more valuable apprectation of (he importance to be 
attached to their resemblance and dissimilarity. 

Thus the observed data are considered against a certain back- 
ground of experimental cata. For this reason it may happen that 
even a single careful ohservation can lead to the discovery of an 
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essential connection. For example, a single careful determination of 


the boiling point of a pure substance can be sufficient to speak of 
tke boiling point of the matter in question, for relying upon previous 
experimental data one can know that a pure substance possesses 
clearly determined physical and chemical qualities, which therefore are 


called ‘constants’. The boiling and melting pots are examples of 
such 'constants’. 


2. Secondly, the mere fact that certain phenomena can be observed 
repeatedly with respect to the same or similar kinds of matter is not 
sufficient to warrant a conclusion concerning their necessary relation- 
ship. It is essential that in addition the comparison af the various 
observed instances reveal characteristic regularity or, in the case af 
experiments, ‘reproducibility’, By regularity or ‘reproducibility’ we 
mean that a definite quality is found in subjects of a definite kind 
without any exception, or that two phenomena accompany ¢ach other 
without exception, even if their circumstances are varied. 


3. Frequently, a large number of protracted and varied investiga- 
tions are needed to find a certain regularity and isolate it from the 
campiex whole of phenomena with which it occurs in nature. The 
methods used in these investigations are not always the same. Sonie 
of them were described by Francis Bacon (1561-1626) in his Novum 
OrcANUM under the titles tabula pracsentiae, tabula absentiae, and 
tabula graduum, A better formulation was given by John Stuart Mill 
(1806-1873) in his work A System or Logic, He enumerates the 
methods of agreement, of difference, of residues, and of concomitant 
variations. However, it is heyond the scope of this study to enter 
inta details concerning these methods, The interested reader may 
be referred ta textbooks of logic or of the methodology af science, 
which generally devote a few pages ta them” But in Section Six 


of this chapter we will indicate the generai principles upon which 
these methods are based. 


2. Ultimate Foundation 


As should be clear from the foregoing discussion, the immediate 
foundations allow a conclusion to be drawn regarding the regularity 
of a connection, but they cannot explain man’s intuitive canyiction 
that the thought process of scientific induction is legitimate and that 


2Sec,_ eg. S. Mellone, Introductory Tertbook of Logic, Edinburgh 19th ed., 
1937, Ch, IX. 
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the general conclusions resulting from it are certain, For a closer 
inspection will raise a number of questions which still remain to be 
answered, These questions are the following. 


1. Why is it legitimate to draw from the observation of individual 
cases a conclusion concerning a species? Such a procedure appears 
to suppose that, apart from individual characteristics, things possess 
also specific properties, Le. that there is a species-individual structure 
in materia] things. 

2, What is the reason why it is legitimate to combine experieutial 
data, which often have been obtained at different times and places, in 
order to arrive at a general statement concerning a definite species of 
things or phenomena? 


3. What is the foundation of the special methods of investigation 
used to discover the regular connections? 

4, What is the reason why from the regular connection of phe- 
nomeria one may conclude to a necessary connection or essential 
relationship, or in other words, what is the foundation of the principle 
of regularity ? 

These questions give rise to several philosophic considerations, 
which shall be briefly considered in the subsequent sections in the 
following order: 

The meaning and foundation of the principle of regularity (Section 
TI); 

The species-individual structure of material things (Section IV); 

Problems concerning the combination of experiential data (Sec- 
tion V); 

The foundation of the special methods of investigation (Section 
VI). 


1H. THE MEANING AND FOUNDATION OF THE PRINCIPLE 
OF REGULARITY 


1. Meaning and Foundation of Regularity 


The Concept of Regularity. Everyone who is ez professo engaged 
in the physical sciences Joaks for regularity, ie. for the occurrence 
without any exception of a certain connection between phenomena, or 
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between subjects and certain properties, etc. Upon the basis of this 
regularity he does not hesitate to draw a conclusion about their 
necessary connection. Apparently he sees, as it were, intuitively that 
a regular connection in material nature is also a necessary connection. 
In other words, he makes intuitively use of the principle that regu- 
larity in material nature is based upon the essence of things. 

Ht is clear that this principle is not one for which the physical! 
sciences themselves are able to supply the justification; hence it is 
a presupposition of these sciences. This presupposition, moreover, is 
essential to them in the sense that the value of scientific investigation 
stands or falls with it. Implicitly assamed in physical science, it is 
made explicit by the philosophy of science. Its foundation, again, will 
have ta be supplied by philosophy. 

The concept of regularity is meaningful only it there is question 
of two or more thtags or phenomena which accompany one another, 
For regularity means the regular connection of two or more phenom- 
ena of things, There will be question of regularity if things of kind A 
always have quality B; or if a phenomenon of the kind A is always 
accompanied by a phenomenon of the kind B; briefly, if A is connected 
with B in all individual instances, regardless of the concrete citcum- 
stances of time, place, surroundings, and influences. Such a regular 
connection will have to be discovered by the observation of a greater 
or lesser number of individual instances which either orcur independ- 
ently af our influence or are experimentally produced by our activities. 
If the latter is the case, ane may speak of ‘reproducibility’ instead of 
regularity, 

The opposite of regular connection is random connection or rather 
contingent connection. By a contingent connection is meant that the 
connection between A and B is unstable and accidental: sometimes 
they are togetlier, at other times they do not occur together. [Ience, 
regularity and contingency with respect to the same are mutually 
exclusive. 


Foundation of Regularity. No event, change, property, or activity 
in nature finds the sufficient reason for its being in itself, but onty in 
something else, In one way or another, each of them is caused, the 
term ‘caused’ being taken here in a broader sense so as ta melitde all 
manners of causality, Hence the regular connection of the phenomena 
A and B in nature will Gnd its foundation in the regular or constant 
presence of similar causal influences. In general, therefore, the 
principle of sufficient reason, or rather the principle of causality, will 
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enable the observer to conclude to similarity of causal influences if a 
regular connection of A and B is observed. This conclusion may be 
expressed in the formuta: “every regular connection demands for ie 
cases concerned sitnilarity of causal influences’. We witl calt this 
formula the generaf principle of requdarity. 

it should be obvious that these causal influences can give rise to 
the connection of 4 and B in diiferent ways, For example, A can be 
the formal or material cause of B. as when B is a property of A; 
or A can be the efficent cause of B; or A and B doth can be caused 
by one and the same cansat factor; etc. The principle of regularity 
does not specify anything about the nature of the causal influcnes, but 
merely indicates that a regular connection of A and B must be based 
upon similar causal influences. 


2. Regularity and Free Causes 


The regular connection of two events requires simiarity of founda- 
tion or causes, but not that these causes operate of necessity. Even 
fon-tiecessary ar iree causes can give rise to a regularly recurrent 
event. For exatnple, it is possible ihat someone wil always rise at 
the same time of the day or puss a certain street corner at exactly 
the same time. A well-known exatopie was [ant, whose regularity 
was so perfect that people were able to set their watches as he passed 
their homes, In such cases there is a regular connection between 
a definite time and a definite event; yet not even after observing 
such a connection for a lifetime would one dare to conclude io an 
innet necessity. At most, one could conclude to an extrinsic necessity, 
to disciplinary forces or command; fur example, in the reguiarity 
shown in boarding schools. 

Even in such cases regularity is mot a mere coincidence. Ft has a 
foundation, which is to be found in the free will of the individuals 
who regulate their behavior by definite motives. Hence here, too, 
there is a constancy of causes or a constant recurrence of similar 
causes, but no intrinsic necessity. The regularity is caused hy the 
free decisions of man who regulates a certain activity in such a way 
that a similar relationship recurs constantly. 


3, Regularity and Necessary Causes 


From the foregoityr ic should be clear that from a regutar con- 
nection one cannot conclude insmediately to a necessary connection, 
i.¢., to a connection which cannot be different because of the intrinsic 
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necessity of the causal influences involved. Nevertheless, it is a general 
conviction of man that such a conclusion is legitimate with respect 
to phenomena of materia! nature, This conviction can find its basis 
only in an insight that is implicitly assumed when such a conclusion 
is drawn. It is our task to make this insight explicit. 

When there is question of regularity in the free activity of man 
nobody dares to conclude to an inner necessity. On the other hand, 
there is no hesitation with respect to events that belong to material 
nature, Hence the difference must spring from the difference in nature 
of the causes that are at work in free activity and natural events. 
A simple intellectual insight teaches us that in the case of material 
nature we have to do with causes which work of necessity of nature, 
Le., with causes which cannot not work or work in any other way than 
they actually do, Such causes cannot take a free decision concerning 
the time, nature, and intensity of their activity. Thus the phenomena 
of material nature proceed of necessity from the operation of causes 
which by their very nature are determined to a definite activity. 
Inthis way we See that the above-mentioned conclusion from regularity 
to necessity is based upon the insight of the determinism of nature. 

Where causes are at work which operate of necessity of nature, 
ie. where one has to do with a deterministic system, it will he possible 
to conclude from a regular connection to a necessary connection, 10 a 
connection which js cunsequent upon the essence of things and there- 
fore occurs of necessity and invariably in all individual instances of 
the same kind. Thus we arrive at the formulation of the principle 
of regularity with respect to material nature: whatever happens 
regularly in material nature happens of necessity (i.e, because of the 
nature or essence of material things), or: in material nature a regular 
connection ts a necessary or essential contection, 


4. Regularity and Probability 


In the preceding pages there has been question of reguiar relation- 
ships, caused freely or by necessity of nature, hetween individual 
phenomena of kind A and individual phenomena of kind B. It is 
possible that what is considered to be an individual phenomenon is 
in reality the result of the co-operation of a large group of individual 
factors. Jn such a case the regular occurrence of the phenomenon is 
based upon a hitherto unmentioned kind of regularity which some- 
times occurs when there are Isrge numbers of individuals of the same 
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kind, Usually this regularity wiil consist in chis that in equal periods 
of time an equal percentage of individuals belouging te the same group 
will act in the same manner or undergo action in the same manner. 
Let us give afew examples. Ina large gronp of population ticre will 
be each year approximately the same number of suicides, marriages, 
deaths at the same age front the same disease, etc. Ina farge number 
of radioactive atoms of the same rind the same percentage will dis- 
integrate during equa! periods of time. Tf a dic is cast many times, 
the same namber will be ohtaine? in approximarety one sixth of the 
total number of casts. With respect to individual instances (persens, 
atoms, casts) it is impossible lo make any prediction about the 
occurrence Of such events. In the case of fiee humian activities this 
impossibility is based upon the fact that the event ts not determined 
by nature; and in the case of naturally determined events pred 
is impossible hecause our ktrowledge of the causal factors myolved is 
insufficient. For this reason there can be no question of certainty 


but only of probability, 

The regularity in events of this kind is diferent i mature from 
the regularities meittioned above. in cases involving the activity 
of free causes, there is no tendency to regularity: no one wilt be 
going to commit suicide just to make sure that the average number 
of suicides is going to be reached. In cases invalving causes which 
work of necessity, stich as radioactive atoms, there does mot seer 
to be any simple inner determination to disintegrate; for otherwise 
all atoms would do it in the same way. Hence the question must be 
raised how such regularity can be explaned. 


In alt these cases, whether free will is involved or not, the piie- 
nomena in question are very compler, Many causes are present and 
concur to produce the result. Where mat’s free will plays a role, zs 
in suicide, there are many determining factars: eg., the individual's 
psychical disposition, which is determined by his natural inclination 
and surroundings; enviroumestal factors and events it life which are 
interpreted in a characteristically individual way; finally a complex 
struggle of motives in the free choice of the will, Where free will 
plays no past, as in the case of death front tuberculosis, there is a 
certain hereditary predisposition, a danger of infection which depends 
upon surroundings, climate, hygiene, ctc., individual resistance which 
depends upon physical and psychical factors, nourishment, care, etc. 
Thus there are numerous causal factors which exercise a positive or 
negative influence upon the incurrence and development af the dis- 
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ease. In the case of a die, the result depends upon nimcronus factors 
which influence the individual casts; eg. the motion and position 
of the hand at the moment the die is cast, the resistance af the air, 
the reaction of the part of the table on which the die makes contact 
with its surface, etc. In the case of radioactive ators, there are the 
inner condition of the complex structure of the atom and exterrial 
influences, such as collision, repulsion, mutual contact, and the actien 
of electric, magnetic, electromagetic and gravitational fields. 


Aithough in all these and similar examples there can be a great 
difference with respect to individual cases, nevertheless in a large 
number of individual cases a certain average will result because of 
the levelling influence by which certain causal factors neutriltze one 
another either partially or completely, This average will be about 
the same for equal, sufficient!y long periods of time, and as a result 
there seems to be a regular connection between a definite Japse of time 
and the occurrence of the events. The problem of regularity and proba- 
bility contains other aspects which would need t be considered in 
a complete study of the problem. But the explanations given ahove are 
sufficient for our purpese. However, one remark needs to he added. 
it is said rather frequently that there is indeterminisu: in these cases 
insofar as individuals are concerned. A distinction has to be mide. 
In cases where the result depends ultimately upon an act of free will, 
there are many causal factors which operate of necessity, but there 
is alsa a nun-determined factor, namely, the free choice of the will. 
However, even this factor is not an absolutely arbitrary clement, but 
a self-determination which is based upon motives. These olives 
can be very numerous and contrary to one another. Hence, although 
the final decision of the will is free, there are many determining fac- 
tors which contribute to this decision. On the other hand, in cases 
where all causal factors are of a purely material nature, there can he 
no question of self-determination. In any individual case the final 
result is totally determined, partly by the iuner dynamic structure of 
the object considered, partly by external causal influences. Hence 
with respect to purely material events it ts not correct to speak of an 
inner or fimdamenta] indeterminism. Such an indeterminism could 
anean either that there is a total absence of determination, which is 
against the principle of causality, or that there is setf-cdetermination 
as in free will, which is impossible in a purely material nature. At 
most, therefore, one could speak of indeterminism with respect to our 
knowledge. However, the use of the term ‘indeterminism’ in this 
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sens¢ is contrary to established practice and can only lead to mis- 
understandings. Hence it sticuld be avvided.* 


IV. THE SPECIES—INDIVIDUAL STRUCTURE 


Individual and Species. In the realm of experience one has always 
to do with individual things, Everything has its own existence; this 
thing is not that thing. Nevertheless, it is accepted, intuitively, as it 
were, without any further consideration, that there are groups of 
individuals which have a common falure; in other words, that tere 
are individuals of the same species. For example, Socrates, Plato, and 
Aristotle are individual beings, yet each of them is a man; they are 
individuals of the species ‘an’, Such a species-individvel structure 
is found also in the vegetative and the animal kingdoms and even in 
inanimate nature. Hence with respect to the characteristics and actiy- 
ities of an individual a distinction has to be made between those 
belonging to the individual as an individual and others that belong 
to the individual msofar as it represents a species. A human being, 
for instance, has characteristics which are strictly individual and 
therefore differ from those of other individuals, but he has also 
properties which flow from his human nalure and therefore are corm- 
mon to al individuals of the species ‘man’. The same distinction 
has to be made in the vegetative and animal kingdoms, in which indi- 
vidual differences between members of the same speci¢s are often 
very striking. The same applies, with due changes, to inznimate matter. 
Here also the investigation has to begin with individual things; yet 
it is not primarily the individual which holds our interests, but the 
‘species’ represented by the individual. In the ordinary usage of 
speech one does not even speak of individuals with respect to inani- 
mate matter, For this reason it is ail the more important to point 
out that in the scientific investigation of inanimate nature a species- 
individual structure must necessarily be presupposed if one desires 
to arrive at useful results. For science, and especially the science of 
nature, aims at results that have a general value for an entire species. 
Only exceptionally will science be interested in the nature and the 
behavior of the individual abject as such; yet its investigations always 
haye to start from individual things. Physics, for example, wants to 
arrive at knowledge of the physical properties of copper, water, and 


3Concerning this matter, sce P, Henry van Laer, Philosophico-Scicntific 
Problems (Duquesne Studies, vol. 3), Pittsburgh, 1953, Ch. V. 
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helium or of magnetism and electricity; yet to obtain its results it 
has ta start from the observation of individual samples of copper, 
water, and helium or that of individual magnets and solenoids and 
individually determined electric charges. Chemistry aims at impart- 
ing knowledge of species of matter, such as iron, sodium, or hydro- 
chloric acid ; yet in its endeavors to find such specific knowledge it has 
to start from the observation of individual samples of iron, sodium, 
or hydrochloric acid, and accepts without question that the samples 
of the same kind are equivalent with respect to their specilic properties. 


Science Presupposes the Species-Individuol Structure. Within 
the limits of these sciences there are no means of proving the vatidiry 
of such 2 presupposition. Every effort to prove its validity by means 
af scientific methods assumes what has to be proved. If, for instance, 
a scientist wants to prove that various samples of iron are really 
iron by comparing their properties with those listed in chemical tables, 
he is presupposing the species-individual structure, for these tables 
do not list data about this individual piece of matter, but at most 
data about other individual samples of the same kind, Thus we see 
that in order to justify its awn existence, physical science must pre- 
suppose that in the realms of its subject matter there exists something 
like a species-individual structure of matter. Evidently, this is a 
presupposition which impases itself upon the human mind without any 
difficulty, but cannot be justified by the specialized sciences themselves. 
Tt is the task of the philosophy of nature to make this presupposition 
intelligible by means of a consideration concerning the inner structure 
of matter.* 


Accordingly, with respect to physical research, it will be necessary 
to be on guard lest individual characteristics be taken for specific 
properties. It can easily happen that, from previous uses or exposure 
to certain influences in nature or in the Ieboratory, a piece of maiter 
or a sample of 2 liquid or gas has acquired characteristics which do 
not belong to the species as such, In order to prevent such mistakes, 
observation usually is not limited to one individual case but extended 
to many individual cases under a variety of conditions. To perform 
this investigation in the best possible way the methods mentioned 
above, in Section I], are used. If in the various individual cases a 


Regarding the problem of the species-individual structure, cf. Louis de 
Racymaeker, The Philosophy of Being, St. Louis, 1954, pp. 155-169; and 
Andrew G, van Melsen, Zhe Philosophy of Nature (Dugwesne Studies, Phi- 
losophical Serics, no, 2}, 2nd ed, Pittsburgh, 1954, pp. 7 ff. and 115-125. 
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regular connection is found, one may conclude that the connection 
_ must belong to the ‘species’ as such by virtue of the proper ‘specific’ 
structure of its nature, 


Remarks, 1. It may be noted that the term ‘species’ does not 
necessarily have to be taken here it the biological sense, hut in generat 
ag the common element of which the individual instances are con- 
’ sidered to be representative. A magnetic ptece of iron, for example, 
" say be taken to represent the species ‘tron’ or that of ‘magnetic hody’, 
aod, depending upon the nature of the investigation, even the genus 
- “metal or that of ‘solid body’. But the conclusions reached will always 

.” refer to an abstract whole which the tndividualts happen to represent. 


2. According to the preceding discussions, the methods used in 
‘. stience presuppose that equal properties or activities find their fonn- 


‘af the properties revealed by this piece of matter with properties 
found elsewhere in other pieces of iron that one concludes: this piece 
of matter represents the species of ‘iron’, Such a procedure assumes 
that in nature there is constancy of basic properties, and that at least 
in material nature everything takes place in a deterministic way. 


This point has been deatt with in our discussion of the principle of 
regularity. 


Cultural Sciences. Ynsuiar as cultural sciences consider groups of 
human beings, as is the case with economics, sociology, and ethnology, 
they also assume that the various human beings are specifically the 
same. Even cultural sciences, such as history, which occupy them- 
selves with individual human beings cannet escape this presuppasi- 
tion, because the behavior of individuals cannot be understood and 
explained unless it be compared with that of other individuals in 
similar circumstances. 


Thus it is clear that the species-individual structure is a general 
presupposition of all sciences of experience. It ts a presupposition to 
which the human mind surrenders spontaneously, but which the spe- 
cialized sciences themselves cannot justify. Philosophy, however, can 
take it as a starting point of more profound cansiderations. 
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¥. PROBLEMS CONCERNING THE COMBINATION OF 
EXPERIENTIAL DATA 


In order to arrive at a general statement about, e.g., cetiain phe- 
nomena of nature, it will usually be necessary to consider and combine 
experiential data that have been obtained at differcnt times, in differ- 
ent places, and in different individual instances. For example, from 
the investigation of the behavior of different individual magnets made 
in different laboratories at different times conclusions are drawn with 
respect to niagnets or magnotism in general, and in these conclusions 
abstraction is made from whatever was concrete and individual in the 
investigated material, Such a procedure is based upon the general 
prestpposition that nature is uniform or rather that the cssence of 
material objects in nature is constant. This constancy itself presap- 
poses that these activities are fully determined by the proper nature 
of the material objects, ie. the determinism: of nature, considered 
above, in Sectian IIf of this chapter. The general presupposition 
regarding the uniformity of nature implies, apart from this deter- 
minism and the species-individual structure, the following special 
presuppositions : 


1. frrelevancy of time, i.e, per se the time at which the observa- 
tion is made and the duration of the observation do nat exercise any 
influence upon the results of the observation. 


2. Irrelevancy of place, i.e. per se the place at which the observa- 
tion is made does not exercise any influence upon the results of the 


observation. 
Both these special presuppositions will be considered briefly here. 


1. drvelevancy af Time 


The way in which research is carried out in practice evidently 
presupposes that the element of time is per se irrelevant to the results 
of the ubservation. Asa matter of fact, observations made at different 
times, whether it be a question of minutes or days, years or even 
centuries, are combined by the observers without the slightest hesits- 
tion, evidently because it appears to be manifest that time as such 
does not influence the observation. Of course, we do not mean that a 
caretul investigator will not take note of the time of an observation. 
But he does not do it because he considers time itself relevant to the 
observation, but because the exact moment of time may have impor- 
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” taneé inasmuch as in the evaluation of the data of experience one 
: must take into account factors which may fave been present at 2 
"given moment of time or which in the passage of time may have 
‘undergone variations. Nevertheless the investigator is convinced 
“that in itself dime is extrinsic to the ohserved phenontena. The phe- 
“nomena take place in time, but are mot directly ifluenced by time. 
“True, it is often said that time changes things, but tlis expression 
means merely that in the course of time a change will oceur under 
. the action of internal farees or external causes, and not that the 
itself exercises a causal influence. 
On the other hand, occurrences which take place at different 
_ moments of time are considered to be individually ditferent, even if 
they are entirely the same in other respects, as for example similar 
elements or phases in a periodic motion. Thus we are led to the 
’ conclusion that time is supposed to be a principle of individuation. 
<> Accordingly, we may say that the procedure used in the method 
: of experiential investigation prestypposes 1) that of itself time has 


“no influence upon the results of the observation; and 2) that time 
may be considered as a principle of individuation. It is not possible 
for us to enter into a detailed consideration to justify these presuppo- 
sitions, We merely want to point out that they are presuppositions 
of the special sciences that use the method of scientific induction, For 

| their justification we may refer the reader to er frefexso treatises 

*.. of the philosophy of nature which consider these questions.® 

However, to prevent misunderstandings, we would like to remark 

‘that we do not consider time as something absolute having an inde- 

‘Pendent existence. Time requires as its ontological foundation an 

existing reality which changes continuously (e.g. the motion of the 

earth round its axis and around the sum), and as its epistemological 
or psychological element an intellectual being which is capable of 
perceiving sich a real change and numbering its successive phases, 


2. frrelevancy of Place 


As a simple reflection shows, the way in which the investigator 
of nature proceeds in practice implies the presipposition that the 
place where a phenomenon occurs and the place at which the ob- 
server is located, in themselves, have no influence upon ihe result 


4Sec, ior cxample, P. Hoenen, Cosmolegia, 4th ed. Rome 1949, pp. 237- 
200; Philosophie der anorganische satyur, Antwerpen-Nijowgen, 3rd ed., 1947, 
pp. 277-308; “De duratione successiva et de quacstianibus comexis”, Greyeri- 
anum, vol. 34 (1953}, pp. 3-31. 
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of the investigation. For, as a matter of fact, without any hesite- 
tion, one combines observations made at different places of the same 
laboratory or in different Jaborataries, even if they are situated at 
great distance from one another. Besides, use is made of chserva- 
tions performed at different times, ie. when the earth occupied a 
different position with respect to the sun and the stars. Such a 
procedure can be justified only by the conviction that the place of an 
event or of its observer is, in itself, of no importance for the re- 
sults of the observation. Obviously, the place of a phenoricnon er 
its observer may have importance for the investigation in an acci- 
dental way, for the presence at a determinate place may inean that 
the phenomenon tmdergoes the influence of variable factors working 
at that place. For this reason it may be important to repeat at 
different places observation made in one body or in similar bodies 
in order to eliminate possible dependence of phenomena upon purely 
local conditions, Nevertheless there is a conviction that place as 
such is extrinsic to the observed phenomenon and therefore irrele- 
vant to the occurrence of the phenomenon at a given place. The 
relationship of place is merely an extrinsic relationship which pre- 
supposes contact with other extended bodies and is determined 
by these other bodies. 

Ta the foregoing we have spoken intentionally of place rather than 
of space, as might have been expected by some because time and 
space usually are mentioned together, In our opinion, the relation 
of place is the primary concept, and space a secondary concept 
deduced from it, Space, as such, is a figrnent of the imagination 
and has no reality of its own. Again, however, it would lead us 
too far afield to enter into details, We may refer the reader to 
studies concerning the philosophy of nature in which the question 
of place and space is considered.® 


VI. THE FOUNDATION OF THE SPECLAL METHODS 
OF INVESTIGATION 


Prelinimery Remarks. As has been mentioned, to discoyer a 
certain tecessary connection and isolate it from other, contingent, 
phenomena may entail prolonged and varied investigations, The 
reason is that there are always very many factors at work in nature, 


SSee, ag. P. Hoenen, Cosmologic, pp. 64-109; Philosophie der_onorganische 
natuur, pp. 125-194; P. H. yan Laer, Actio ss Distans en gether, Utreche, 1947, 
pp. 15-45, 
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and o priors it is not at all clear which factors are pertinent, Some- 
‘times, for instance, tt will be temperature which is important; at 
other: times, temperature is frrelevant, but weight, inner or euter 
ucture, local conditions, etc, are relevant. Nature usually offers 
entangled mass of phenotnena, and it is up te the man ai research 
to disentangle the conipiexity of facts by citminating the irrelevant 
“cand retaining the relevant, ‘fo accomplish this task in the best 
possible way, various special methods lave been devised, especially 
'. for the physical scienves, These methods are oiten called ‘Mid's 
‘Canons’, because Stuart Mill was the first to deseribe them jn 
“detail, However, the detailed study of these mechoeds belongs to 
the philosophy of physical science; hence we will restrict ourselves 
40 a general consideration of their foundation, 
“Before we can do sa, it will be necessary first to point out the 
istinction between two kinds of scientific induction. This induc- 
tion will always lead to a universal statement, but the nature of this 
statement may be either causal or non-causal, Thus we must dis- 
tinguish between non-causal or ‘acausal’ and cavsal induction. 


“A Acausal Induction 


The universal staiement resulting from induction will some- 
times express a necessary connection without saying anything ahout 
‘the causes involved, {11 such a case the stueorent is suid to he 
‘non-causal’ or ‘acausal’, It merely gives a descrifition of a defuite 
group of phenomena according to their necessary or essential rela- 
| tionships. [t will deseribe, for instance, that a certain property 
Lor activity belongs of necessity to a specifically determined subject, 
or that two specifically determined phenomena A and B necessarily 
occur together. Because in such cases the statement resiiting from 
_ the inductive process does not say anything about the pertinent causal 
factors, the process itself may be called won-causal or rather 
- acausal induction, ‘he question regarding the causes remains pro- 
visionally undecided and will have to be solved by means of a further 
investigation which may be tersned causal induction. Instead of 
‘non-causal’ it will be preferable to use ‘acausal', because there is 
fess likelihood that this term will be misunderstood. 


2, Causal Induction 


The causal induction aims at a general statement concerimng the 
foundation of properties or activities, the causes of a phenomenon, or 
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the basis of the necessary connection between two specifically deter- 
mined phenomena. It intends to give an explanation by means of 
causes, In this connection the term ‘causes’ should be understeud 
in a wider sense, ie. it refers not only to efficient causes, but applies 
alsu to material, formal, and final causes. As a rule, the causal inves- 
tigation is much more complex than an acausal one, especially if the 
purpose ts not merely to discover the ‘global’ or conimon cause af 
certain phenomena, but precisely that cause which by its very nature 
directly produces this effect or phenomenon and no other, the su-called 
cause printe et per se. 


3. The Principles upon W hich the Methods are Based 


As we have seen above, both causal and acausal scientific induction 
try to arrive at general statements concerning a necessary or essen- 
tial connection, whatever be the nature of this connection, whether 
that of subject and property, that of conjoined phenomena, or that of 
cause and effect. The starting point lies here in the experiential 
research which in the cbservation of concrete and individual phe- 
nomena Jooks for regularity. Because regularity in material nature 
always implies necessity, as we have seen in Section IIT, it will be 
best to start from the implications of the concept ‘necessary’ to dis- 
cover the principles whicli justity these general scientific methods. 
In this way it will be easy to find the foundation of these methocls if 
we start with the statement that “necessary or essential is whatever 
under given conditions cannot not-be or be different from what it 
actually is”. This fundamental statement implies the following three: 
principles : 


1. The necessary must be positively present in all relevant 
instances. 


2, The necessary cannot be absent in any relevant instance, 


3. If one phenomenon changes, the phenomenon that is neces- 
sarily connected with it will have to change accordingly. 


Let us formulate these principles more completely. 


1. Whenever a phenomenon (or property, or effect, or cause} 
occurs or is present, all elements which are necessarily connected 
with it or presupposed by it (other phenomenon, or subject, or praper 
cause, or effect) must also occur or be present. 
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«» 2, Whenever a phenomenon (or subject. or cause, or effect) is 
absent, all elements which are of necessity connected with it (other 
“phenomenon, or property, or proper effect) or by their very nature 
capable of producing it (proper cause} must also be abscut. 

‘, 3. Whenever a phenomenon {or subject, or cause, or effect) 
_ varies, all elements which are of necessity connected with it (other 
phenomenon, of property, or proper effect, or proper cause} must 
show corresponding variations, 


With respect to the second and thire of these principles, tue caa~ 
’ tion must be observed in drawing any conclusion. For it is possible 
. ‘for one and the same phenomenon P, «eg. a change in teniperature, 

to be brought about by the activity of different causal factors, A, Ei, 
“C, etc, In such a case the absence of A does not allow the conclusion 
that P also will be absent, for P can be present because of the action 
of Bor C, However, if P is strictly the proper effect of A, the ahsence 
“of P will imply the absence of A, and vice versa. For this reason 
.the formulas use the term ‘proper cause’ and ‘proper effect’, to indi- 
-: eate that the principles are concerned with connections which can 
’ have only one expianattan. 


Remark. Evidently, these principles themselves presuppose 1} the 
general validity of the principle of causality or, more broadly, the 
principle of sufficient reason; and 2) the determinisin of nature, te. 
that in material nature everything takes place deterministically. For 
if any uncaused phenomenon could occtir, or if non-deterministic 
“{free) causes could play a role, these principles would lose their 
_ general validity, and the very foundation of the methods of investiga- 

tion in question would crumble. 


4. Special Norms of Scientific tavestigation 


From the preceding considerations it is possible to derive several 
theses that can serve as special norms in the investigation of phenom- 
ena. 


1. Im Acausal Induction. The special uernis are as follows: 


a. If the presence of phenomenon A is constantly and invariably 
accompanied by phenomenon B, then there is a necessary connection 
between these two phenomena. 


b. If the ahsence of this phenomenon A is always and invariably 
accompanied by the absence of phenomenon R (or if in the absence 
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of phenomenon A, which is probably connected with phenomenon B, 
phenomenon B also is absent), then this indicates a necessary con- 
nection between these phenomena. 


c. If a variation in phenomenon A is always accompanied by a 
variation in phenomenon B, then there is a necessary connection 
between these two phenomena, 


These theses guide the acausal investigation insofar as observa- 
tion and experimentation will be directed to discover whether or not: 


a. Phenomenon B always accompanies or follows phenomenon 
A. (proof) ; 


b. Phenomenon B does not occur in the absence of this phe- 
nomenon A (counterpraof) ; 


¢. Phenomenon B varies when phenomenon A varies (variation 
proof). 


It will not always be possible to perform observation or experi- 
mentation in accordance with all three of these norms. Sometimes, 
for instance, only the third norm can be followed in observations. 
But even in such a case there will still be a possibility of arriving 
at certain statements regarding a definite necessary relationship. 
However, it is beyond our scope te enter into details in this matter. 


2, In Causal Induction. Of course, in this type of induction 
attention has to be paid only to the relationship cause-effect. So we 
get the following norms: 


a. Jf the catse is present, its proper effect will of necessity be 
present, 


b. If the cause is absent, its proper effect will of necessity be 
absent, 


¢. If the cause is varied, the proper effect will vary accordingly. 


These theses guide the causal investigation insofar as observation 
and experimentation can be reduced to these three points : 


a. Does phenomenon @ occur in the presence of phenomenon P? 
{Proof}, 


b. Does phenomenon @ not occur in the absence of this phe- 
nometion P? (Counterproof). 
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c. Does phenomenon @ vary if phenomenon P is varied? ( Varia- 
tion Proof). 


Here also it will not always be possible to observe all of these 
three norms, In addition, it should be evident that such an investiga- 
tion will have to he carried out with all the necessary prudence. 


Remark. The above-mentioned norms of scientific investigation 
are, of course, also especially important for the verification of scientific 
hypotheses and theories, a5 we will see in the next chapter. 


VH. CHARACTER AND VALUE OF THE GENERAL CONCLU- 
SIONS OBTAINED BY SCJENTIFIC INDUCTION 


Character. From the preceding discussions it follows that the con- 
clusion of an incomplete or scientific induction has a value which far 
exceeds its origin in the confines of the special science concerned. 
For this origin consisted of the chseryation of individual inslances in 
concrete conditions, whereas the resulting conclusion claims to be 
of a universal validity. This claim, as we have seen, is entirely 
justified because the conclusion is not based merely upan the data of 
experience, but also upon universally valid principles which are 
implicitly accepted in scientiGic induction, such as the principles of 
regularity, of sufficient reason and of causality, and aiso upon insights 
into the nature of matter, such as the deteriminisns of nature, the 
irrelevancy (per se) of place and tirne, and the species-individual 
structure of matter. In the special sciences these principles and in- 
sights may be presupposed and intuitively, as it were, accepted, but 
in philosophy they can be given their justification. Hence we may 
conclude that the practice of scientific investigators, especially in the 
physical sciences, is entirely correct and justified, provided the gen- 
eral principles upon which this practice is based are accepted. 


Value. Presupposing that the inductive process has been executed 
correctly, one may say that the resulting statements have a character 
of necessity. Nevertheless, this necessity is quite diferent 1rom the 
necessity which is proper to metaphysical principles and statements, 
or that of mathematica) theses, which are based upon an insight into 
the essence of things. While it is true that the necessity of inductive 
statements is founded ontologically upon the essence of things, it 
remains true that we do not have amy direct knowledge of these 
specific essences. For this reason our knowledge can be deficient in 
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many respects, and these deficiencies will reveal themselves in the 
inductive conclusions. Hence is is important to keep in niin that the 
necessity of a statement established by induction is merely relative or 
hypothetical, By these terms we mean that the statement in which 
this necessity is expressed is valid only: 


1) In the universe as it actually is, and not in any possible material 
universe ; 


2) For that part of the particular domain which has been invyesti- 
gated by means of observation and experimentation ; 


3) With the degree of exactness which is warranted by this obser- 
vation and experimentation. ‘ 


Hence, theoretically at least, a statement established by induction 
remains always open to revision, extension, restriction, and more 
accurate formulation (ef. Ch. 1V, Sect. II, 2). 


VHE VARIOUS PHILOSOPHICAL VIEWS OF SCIENTIFIC 
INDUCTION 


Although this chapter is becoming disproportionately long in com- 
parison with the others, the primordial importance of the question 
makes it mandatory to add a few remarks concerning the various 
philosophical views of scientific induction and its past history. 

It is obvious that the episternological value of scientific induction 
will be appreciated differently in accordance with the view one holds 
with respect to the existence and nature of an extramental world and 
the nature of our knowledge of the same. Of the many philosophical 
views concerning these matters, we shall briefly mention a few. 


The Realistic View, This is the viewpoint that has been tacitly 
assumed in the preceding pages, because, in our opinion, the realistic 
view is the only one which can be maintained. Realism admits the 
existence of an cxtramental world and the capacity of our cognitive 
faculties to know this reality, and especially the capacity of the 
intellect to arrive at general insights into reality. In the first 
place, the general principles, such as the principles of sufficient 
reason, causality, and the determinism of nature, which form the 
basis of Scientific induction, are not merely established habits of 
thinking, but valid for an outer world which is independent of 
our thinking. Secondly, this view is not naively accepted as evi- 
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dent by a kind of naturaf instinct, as extreme realists seem to 
think, but can be established by convincing rational arguments. 
However, the justification of this epistemological position falls 
beyond the scope of this study, and we unst refer the reader to 
ex professo treatises of realistic epistemology.* 


The Esupiristic View. According to empiricism, intellectual 
knowledge is not essctiually different from sensitive kuawledge; 
hence scientific knowledge cannot transcend the data of seise ex- 
perience. Consequently, an abstractiy gencral or universal know!- 
edge of the world of experience is impossible. Accordingly, the 
result of so-called scientific induction cannot be nore than an ag- 
gregate of particular sense experiences. In this way, an incuctive 
statement is merely collectively general, and therefore there js no 
essential difference between scientific induction and complete or by- 
analogy-completed induction (Cf. Ch, VIE, Sect. 1). 

Moreover, according to many empiricists, the result obtained 
by scientific induction has no value for reality because it expresses 
merely something about a subjective association of our mind. 
Although a so-called geucral judgment may be certain with respect 
to the particular data of sense experience, which formed its starting 
point, it does not give any certainty with respect to futire experi- 
ence, At most, it can offer a basis for probable expectations. 

Empiricism is allied to modern pragmatism, which attaches value 
to the results of induction only insoiar as they can offer useful 
norms for aur intellectual, moral and social life. Inductive state- 
ments are considered to have no objective value with respect to 
reality, but may be able to help us to make use of fleeting reality. 


The Conceptualistic and Kantian View, According to Kant 
and his followers, the principles upon which scientific induction is 
based are synthetic a priori judgments. Efence they have compelling 
yalue only with respect to the so-called phenoiwenal world. Pe- 
cause of the very nature of anr intellect, we are forced to adantt that 
the phenomena of our world occur and are determined in accardance 
with the strict laws of causality. Lachelier added the category of 
finality to those established by Kant and said that this category 
gives us the inner conviction tliat the phenumena of this world 
occur with regularity because all activity is directed towards a 
purpose. 


TSee, for instance, F. Van Stceenberghen, Epistemolegy, New York, 1949. 
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Thus, according to the proponents of this philosophical view, 
the scientific systems of experietitial sciences rest upon a mere blind 
synthesis of plienomena which the intellect has to make in ac- 
cordance with certain innaie laws of thinking. There can be no 
question of objective representation of real events occurring im a 
real world. 


The Occasionalistic View. According to occasionalism, whose 
best-known exponent is Malebranche {1638-1715}, there is no true 
causality in created things. Creatures are mere occasions for the 
exercise of divine activity. Apparently, effects are produced hy 
creatures, but in reality they can be due only to God, who is the first 
and only cause of ail that is. Obviously, in this view there can be 
no question of a necessary connection based upon the essence of 
things. Scientific induction does not teach us anything about an 
activity which finds its origin in the nature of things; at most, it 
can say something about the activity of God with respect to created 
things. Leibniz (1646-1716), also, may be considered to belong 
to this group because he denies creatures any activity of their 
own, As a philosophical system occasfonalism is quite dead and re- 
tatns merely an historical importance. 

If the realistic view alone, as we think, is true, the other views, 
of course, are bound to be jatse. Besides, serious arguments can he 
presented against each of the other views in particular. Again, how- 
ever, it is beyond the purpose of this study to discuss these matters. 


IX. SOME REMARKS CONCERNING THE HISTORY OF 
SCIENTIFIC INDUCTION 


It is often claimed that Francis Bacon (1561-1626) discovered 
the inductive method and proposed iis first schematic form. Stuart 
Mill (1866-1873) is supposed to have formulated the first more com- 
plete theory of induction. Specificaily, the method of induction would 
have been unknown in scholastic phitosophy. These claims, however, 
are not carrect, 

Eyen before Aristotle, induction was used as a matter of fact by 
Socrates, who by means of series of questions and answers concerning 
concrete objects and relationships endeavored to arrive at general 
concepts and principles. Aristotle (384-322 B.C.) himself, knew 
induction, at least in its fundamental characteristics, and thus in this 
problem, too, Aristotelian-Thomistic philosophy was able to place 
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itself upon an Aristotelian foundarion. Both deduction (apagagé) 
and induction (epagégé) were known to Aristotle who campared and 
contrasted them. Ife speaks about induction in the sense of what 
we have called complete induction, eg., in Privr Analytics, Bk. II, 
Ch. 23 (68b 28). He knew also that a complete enumeration is not 
always necessary, and that it may be sufficient to apprehend the 
phenomena in another suitable manner. Toa guote a few texts, in his 
Priory Analytics, he says: 


It is the business of experience to give the principles which belong 
to each subject. I mean for example that astronomical experience 
supplies the principles of astronomical science: for once the phe- 
nomena were adequately apprehended, the demonstrations of 
astronomy were discovered.® 


And in his Posterior Analytics he writes about induction: 


Qut of sense-perception comes to be what we have called memory, 
and out of frequently repeated memories of the same thing deyelops 
experience; for a number of memories constitute an experience, 
From experience, azain—i.e. from the universal now established 
in its entirety within the soul, the one beside the many which is a 
single identity within them all-- originate the skill of the craftsman 
and the knowledge of the man of science, skili in the sphere af com- 
ing to be and science in the sptiere of being.? 


Similar statements were made by the medieval scholastics. It re- 
mains true, however, that induction, as it is used in the physical 
sciences, was better understood and more accurately formulated in 
Jater times when there was a greater abundance of means to perform 
scientihie investigations. Francis Bacon and especially Stuart Mill 
did excellent work in this field, Nevertheless, the remark must be 
made that their theoretical foundation was empiristic, so that, in their 
opinion, this induction coukt have no more yalue than complete 
induction or induction completed by analogy. However, as we have 
seen abuve, the method indicuted by them allows conclusions which 
go beyond these two types of induction, 


SB. I, Ch, 30; 46a 28H. 
9Bk. Ji, Ch. 19; 100a 4H. 


CHAPTER NINE 


HYPOTHESIS AND THEORY 
INTRODPUCTION 


In the construction and development of a science a very impor- 
tant function must be assigned to the so-called scientific theory. Its 
role in the sciences is so important and far-reaching that it is impas- 
sible to treat it within the limited scope of this work with anything 
even remotely resembling adequacy, We will therefore have to limit 
ourselves to some aspects of the subject which are important for the 
scope of this study, On the other hand, we will not only consider 
the theory with respect to physical science, as is often done, but 
extend our considerations to the ideal sciences and the group of experi- 
ential sciences which are usually indicated by the terms ‘sciences of 
man’ and ‘cultural sciences’ (Geisteswissenschaften).1 Usually, how- 
ever, the examples will be borrowed from physical science because 
in this science the characteristic elements are most strikingly present. 

As will become clear in subsequent pages, the meaning of the term 
‘theory’ is not always exactly the same. Generally speaking, however, 
the term ts used to indicate a connected system of theses, all of which 
have been logically deduced from certain basic theses. In accordance 
with the nature of the basic theses and the intentions of their author, 
theories acquire a different character; hence in the various groups of 
sciences theories will show a variety of characters. Especially, there 
is a great ditfcrence between the theories af ideal sciences and those 
of experiential sciences.? 


Division of This Chapter. Because of the above-mentioned differ- 
ence in character of theories, it appears advisable to devote the first 
section of this chapter ta the theory in ideal sciences, and the second 
to the theory in experiential sciences, The third section will be 
dedicated to the formulation of hypotheses and theories, while the 


1This division of the sciences and the proper character of the various 
groups will be considered in the second volume of this work. Mor the correct 
understanding of what follows here a superficial knowledge of the various 
groups is sufficient. ; 2 . ; 

2Because this study is primarily concerned with the sciences in the sense of 
special sciences, we will nut speak about philosoptic theories, wthough many 
of our cousiderations will apply also to these theerics. 
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fourth will consider the verification of scientific theories, Jn the last 
section we will speak about the truth value of thearies in the experi- 
ential sciences, ; 


i. THE THEORY IN THE IDEAL SCIENCES 


As will be explained in the second volume, the group of ideal sci- 
ehces embraces alt those sciences whuse specific contents is not taken 
from experience but produced by the human mind, although it must 
be admutted, of course, that ultimately some of their basic coucepts and 
theses have been derived from experience, albeit a very prinordial 
experience. Once these basic concepts have been acquired, the human 
mind is capable of using them in a fairly arbitrary way, as long as 
care is faken not ta go against the essential contents of these concepts 
and to avoid contradiction in the hasic theses or relationships of the 
concepts which the mind wants to accept as the foundation of its 
scientific construction. These basic theses are usually called extoms 
or postulates, 


The {deat Theory as Exemplified in Mathematics. Among others, 
the mathematical sciences and logical calculi belang to the ideal 
sciences. We shall limit eur exainpies to mathematics and specifically 
to that which is important for our immediate point of view, because 
the proper character of the ideal sciences in general and the mathe- 
matical sciences in particular shalt be considered more extensively in 
the second volume of this work. 

Jn pure mathematics, the starting point is a set of axioms or 
postulates which determine the basic properties of the clements used 
in the construction of a mathematical system. As an cxample we may 
point to Euclidean geometry, with which everyume ts sufficiently ac- 
quainted to recognize in ‘t the essential features of ideal science. fn 
Euclidean yeometry postulates determine what is to be understood by 
a point, straight Hine, surface, etc,, and the basic properties one wants 
ta attribute to them, In addition, i: is assumed that certain basic 
operations cau be performed; for instance, that it is possible to draw 
a straight line through to points or that it is possible to describe 
a circle with a given point as its center and a giveti length of line 
as its radius, In this way a foundation is laid upon which the whole 
structure of Euclidean geometry can be built by logical deduction? 


¥We abstract from certain furslamental insights which are indispensable in 
the construction of mathematics, aithough they are net usually accounlet tor 
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Theorems which have been deduced from these basic concepts and 
axioms in a logically correct way are unerringly true with an inner 
necessity that is perfectly clear to us. However, this necessity is 
hypothetical because it is dependent upon the starting point. If the 
Euclidean postulates are taken as the starting point, the theorems, as 
they are deduced in Euclidean geometry, ate of necessity true; hence 
their necessity is hypothetical. 

It is passible to replace one or more postulates by others provided 
care is taken not to introduce any internal contradictions into the 
new set of postulates. If, for example, the Euclidean postulate of 
parallel lines is replaced by another, such as the postulate that through 
a point outside a straight line no straight line can be drawn parallel 
to the first, the result is another, non-Euclidean, geometry. This non- 
Euclidean geometry has the same inner consistency and is equally 
free from contradictions as Euclidean geometry, but its logical deduc- 
tions lead to theorems which, although in this system they are true 
of necessity, deviate from the Euclidean theorems. Accordingly, such 
theorems in themselves have no absolute necessity, but only a hypo- 
thetical necessity which is dependent upon the freely chosen starting 
point. A similar hypothetical character is found in many parts of 
mathematics as well as in logical calculi (Cf. Ch. IV, Sect. IT, 1). 

Such parts of mathematics or logical calculus may be considered 
as one great theory in which the axioms or postulates constitute the 
starting point. Instead of Euclidean geometry one could speak also 
of the Euclidean theory of mathematical space. Ina similar way, there 
is question of the number theory, group theory, ete. Accordingly, in 
ideal sciences theories have a yery special character of their own. They 
are not a means used by science in its development, as is the case 
with theories in the experiential sciences, but they themselves con- 
stitute the science. 


fdeal Theory and Realty, Because pure mathematics does not 
borrow its postulates from experience if a few basic concepts and 
fundamental insights are excepted, pure mathematics is nat concerned 
with the question whether or not its deduced theorems have value for 
experience. Often, however, this docs not prevent the acquired 
insights of pure mathematics from being applicable to experience. 
For example, if the data of experience allow the postulates of Euclidean 


in the form of postulates; for instance, that the extended is divisible; the 
whote greater than its part; and quactities may be added to other quantities of 
the satne kind. 
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geometry to be considered as a meaningiu! idealization of reality, then 
the deduced theorems will be applicable to this reality. The same may 
be said with respect to non-Euclidean geometry, number theory or 
other parts of mathematics, A logical calculus, likewise, will find a 
possibility of application if a mcaning/ul content can be given to its 
basic postulates. 


ideal Theory and Verification. From the preceding considera- 
tions it should be clear that there can be no question of a genuine 
verification of such thearies by means of experience. The only pos- 
sible verification consists in the controlled correctness of the logical 
deduction of the theorems. An experiment might shaw, as was 
proposed by Gauss, that in a triangle whose sides are formed by light 
trays the sum of the angles is really equal to two right angles, as it has 
to be in Euclidean yeometry, Nevertheless, this experiment would 
not verify that Euchdean geometry is the only true geometry, but 
would determime only that the artificial triangle and the structure af 
these real surroundings are capable of being suitably described by 
Euclidean geometry. As a matter of fact, Euclidean geometry in 
general appears to be excellently suited for the description of the 
mathematical aspects of terrestrial phenomena. This suitability ts 
rather obvious because the postulates upon whitch Euclidean geometry 
is based, specifically the postulate of paraliel lines, is suggested by 
experience, Nevertheless, as a mathematical theory, non-Kuclidean 
geometry has perfectly the same value as the Euclidean system. 
Moreover, the possibility must not be excluded that with respect to 
certain metric applications in our world a non-Euclidean geometry 
would be just as good if not more useful than the J¢uclidean system. 
’ These remarks should be sufficient to give some insight into the 
proper character of hypotheses and theories in the ideaf sciences, We 
will come back to this point in the second volume. 


fl. THE THRORY IN THE EXPERIENTIAL SCIENCES 


In experiential sciences freqrent use is made of theories as means 
to aid in the developinert and building up of these sciences. The 
value, however, of the theory as such a means is not always the 
same. Although it is true that the formulatton of a theory ts always 
guided by the intention of acquiring more insight into the subject 
matter under consideration, nevertheless the ways in which this 
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insight is brought about may be totally different in different theories, 
and consequently the character of the theories themselves may vary 
considerably. In order to obtain a good insight into the nature and 
structure of theories in the experiential sciences, we will endeavor 
to divide them in a responsible way into groups, although we fully 
realize how full of pitfalts such an enterprise is. 

Every effort (o arrive at a motivated divtsion must pay careful 
attention to the purpose for which the theory is devised and conse- 
quently also to the way in which the foundations or hypotheses of the 
theory are arrived at. In our opinion, the first distinction to be made 
is that between temporary and permanent theories. Hy temporary 
theories are meant theories which serve exclusively as means in 
scientific research to arrive at definite results and therefore have 
only a temporary character. Permanent theories, on the other hand, 
are theories which serve as means to acquire an imsight into the 
definite results of experience and therefore have, at least if they are 
verified, a more permanent nature, so that they are able to retain a 
place in the edifice of science. ft is especially the second group 
which is meant when there is question aj scientific theories, Both 
gtoups shall be considered here successively, 


1. Theories of a Temporary Nature 


Description of this Type of Theory. When in the preceding chap- 
ter we considered scientific induction, there was question also of the 
investigation which has to precede the inductive conclusion, and 
specific mention was made of the special methods of investigation 
which itt physical science are often indicated by the term “Mill's 
Canons”, Before these methods can be applied successfully, usually 
a substantial amnunt of preliminary research will have to be made. 
The research begins with the gathering of the various data of ex- 
perience—data of the present and the past; data acquired by unatded 
sertse ubservation or with the help of instruments; data abtained with 
the maximum possible variation of conditions. A second phase, which 
accompanies or follows the first, consists in the critical study and 
sliting of the experiential data in order to obtairt a better view of their 
possible connections and relationships. In simple cases this con- 
nection may be discovered in this second phase itself. If the case is 
more difficult, however, this discovery usually will net yet be nade, 
but perhaps there will be already a conjecture, idea or conception of 
the probable connection and then this conjecture may serve as a 
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directing principle in further research. This conjecture or cancep- 
tion, also called Aypothests, may simply refer to a connection without 
indicating a cause, as is (he case in acausal {mon-causal) research 
(cf. Ch, VIII, Sect. VI}, or it may be coucerned precisely with the 
probable cause of a phenomenon or complex of phenomena, In both 
cases such a hypothesis is able to direct further research and render 
possible the rational use of the above-mentioned methods of imvesti- 
gation. Jn difficult cases, where a given hypothesis is not inunediately 
verifiable or the situation is not clear, an cttort has to be imade to 
arrive at yertflable consequences in a logico-deductive way with the 
aid of established data, This may he done by means of proof, couater- 
proof, and yariation proof. The whole of decuced theses together with 
the appropriate argumentation may be called a theery. Such theories 
again are either acausal or causal. 


Exampies, It is easy to indicate cxamples of these theories in 
the various realms of the sciences. [or instance, the theory which 
guided Pasteur in his investigation of the origin of tiving bodies; the 
various hypotheses and theories concerning the origm af some dis- 
ease, eg. beri-beri; the theories regarding the connection between 
sunspots and other phenoniena in the sun and in the atmosphere 
of the earth: theories about the origi of Novae, ete. 

Hypotheses and theortes may be successfully used also in the 
investigation of the nature of individual things or concrete relation. 
ships, For instance, there ate hypotheses and theories concerning 
the origin of the Alps, the inner structure of the Earth, the origin of 
the Moon and the Crab Nebula. If subsequent research world con- 
firm any one of these hypatheses, it would have lost its original value 
for science, which is that of a pure aid to research. 

In cultural sciences, too, similar hypatheses and theories are 
often used in the work of research, However, because of special difi- 
culties proper to these scienves, success is not so easily obtained, at 
least not in the sense that unequivocal verification is reached. A few 
easy exanyples of stich hypotheses and their correspencing theuries 
are, for instance, in Tistory, those concerning the time of origin and 
the authorship of the Odyssey and the Iliad; those regarding the 
descent of Columbus and his purpase in sailing westward; in phitol- 
ogy, those with respect to the author of the well-known book Torte 
Imitation oF Ciirtsr. As a recent example in classical philology 
one could name the decipherment by Micliael Ventris of the so-called 
‘Mingan Linear B Script’, which was frst discovered in Knossos 
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(Crete). Starting from the hypothesis that he had to do with an 
early stage of Greek and taking the supposed relationship of this 
Janguage to Greek as his basis, Ventris was able to work out a theory 
concerning word forms and endings which would have to occur in 
the discovered texts. His careful investigation led to a perfect veri- 
fication of his hypothesis, so that this theory has no longer any other 
than purely historical yalue. 


Character of the Temporary Theory, The typical characteristic 
of these hypotheses and theories is that ijn the intention of their user 
they have a purely temporary character and serve only as an aid and 
directing principle in scientific research. Once this research has 
brought more light in the matter, ie. has shown that the hypothesis 
in question is either not tenable or verified by the facts, then the 
theory has accomplished its task and disappears from the scene. At 
most, it will retain a place in a book concerned with the history of 
science. 

Notwithstanding the fact that by their very purpose these theories 
have a purely provisional nature, it is quite possible that they will 
continue to exist for centuries because a definite conclusion has not 
yet been possible. On the other hand, it may happen also that a 
theory which has played a role in scientific research and has been 
verified, will subsequently, with of withaut being perfected and 
rehned, acquire a place among the permanent theories to be considered 
in the next part of this chapter. This will be the case if the theory 
in question is sufficiently important and comprehensive to describe 
or explain a large group of phenomena, Thus it may happen that of 
two competing temporary theories one will be abatidoned while the 
other, which has been proved to be correct, will be given a permanent 
place in science. The corpuscular theory of light, for instance, as 
formulated by Newton, has disappeared from the scene at jeast in its 
original form, but the competing wave theory of Huygens has re- 
mained, at least in its essential clements. In the next part of this 
chapter we shall come back to this point, 


2. Theories of a Permanent Nature 


By permanent theories we mean thase theories which, at least in 
the intention of their inventors, have to play a permanent rele in 
science as a system. Their purpose is to give an orderly arrangement 
to many isolated and varied data of experiynce and to make it possible 
to know the mutoai connection or dependence of these data and to 
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understand them. There are two ways in which this purpose can 
be reached. 


a. It is possible that only results which bave been definitely 
established by scientific research are used in the foundation ef a 
theory atid no recourse is made to hypotheses concerning the mech- 
anism or causes of the phenomena, Such theories may be called 
phenomenological, descriptive or classificction thearies, 


b. The second kind of theory wants to give a causal explanation 
of connected phenomena, It aims at knowledge of the reason or 
foundation of the interconnection and dependence of phenomena, For 
this reason theories of this kind are cailed explanatory theories. 

Both types of theory shal! be considered brieAy in the following 


pages.* 
a PHENGMZNOLOGICAL OR DescriPTrveE THEORIES 


Description, The proper character of this group of theories, which 
makes them differ from explanatory theories, is best indicated in the 
following negative-positive way. Phenomencivgical theories do not 
start from suppositions concerning the mechanism of phenomena or 
their causes ; consequently they arc not based upon a hypothesis in the 
usual sense of the term. On the contrary, they are based upon general 
laws and principles which either are definitely established by scientific 
research or borrowed from the ideal sciences, especially mathematics. 

The purpose of these theories, however, is not merely to describe 
isolated relationships or to enwinerate special laws, but to acquire 
insight by means of a wel!-founded and reasoned description of phe- 
nomenal relationships in thetr mutual connection and dependence; by 
the imtegration of the particular into the more general, or by the 
deduction of special laws and relations from more general laws aud 
relationships. In this way there arises a natural whole, a grouping 
or classification of phenomiena according to their fachtal connection, 
Thus an easy view of the whole is obtamed, which is very suitahle also 
for the acquisition of insight. Insofar as these theeries are based only 
upon that which is directly known from the observed plienomena—- this 
knowledge, of course, is generalized by means of scientific induction— 
they may he called phenomenalogicul or descriptive theories ; and inso- 


*Concerning the division of theories and the yalue for reality of both groups, 
ef. P, Huffer, “Over de realiteitswaarde en ge structuur yan de physische 
theorte”, Studien, jre. 67 (1935), vol. 123, pp. 115-138. 


far as they result in a rational classification of the observed phennmena, 
they are called classification theories. 

As has been mentioned above, the foundation of these theories 
does not contain any hypothetical elements in the usta! sense of 
the term. If occasionally in connection with these theories the term 
‘hypothesis’ is tsed, it ts taken in its original meaning as ‘substructure’, 
ie. something which functions as the basis of the theoretical edifice,® 
‘i or to indicate that the experiential result itself upon which the theory 
is based is still somewhat hypothetical in nature (cf. Ch. 1V, Sect. 1, 
and Ch. Vif, Sect. VII). 


i) 

1 
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1 
| Examples. The classical example of such a phenomenological 
theory in physics is the theory of thermodynamics. This theory starts 
from two laws whose validity has been established by extensive experi- 
: ence. They are the law of conservation of energy and the law of 
L) entropy. From these general laws or ‘principles’ one can, first of all, 
deduce certain other general laws or principles which in a sense are 
equivalent to the law of entropy; e.g. the principle that free energy 
tends to a minimum, hese general principles, in their turn, are ap- 
plicable to numerous sectors of physical science, in such a way that 
known phenomena can he fitted into the general frame and others, 
as yel unknown, can be calculated and predicted. Thus an enormous 
tnass Of experiential data which othetwise would stand disconnectedly 
! alongside one another are described and classified as a single great 
\ complex. 

Accordingly, in the theory of thermodynamics, apart from the 
| validity of the laws of thennodynamics and certain other definitely 
| established data, no other hypotheses are introduced concerning the 
inner structure of things, the forces working in them, or any other 
ARE matter. Given the main laws of thermodynamics, the course of all 
pls 3 pertinent phenomena becomes clear, In a nature which is subject 
ie to these laws, the general course of phenomena, aithough proper to 
the respective spheres of the objects and subject ta the special laws 
of these spheres, is dominated by these general laws. 

Alongside such a phenomenological way of considering the experi- 
ential data, it is often possible to explain the same phenomena in a 
causul way with the aid of appropriate hypotheses and consequently 
in theories of a different, explanatory, nature. For example, many 


SThe Creek term Aypothesis means the placing of the foundation of a 
problem: hypo, under, and Hihenai, to place; hence literally, to place (a thing) 
wader (something else), 


fiypothesis and Theory 113 


of the phenomena which belong to thermodynamics allow also a 
causal explanation by means of the molecular theory. Another 
example of a phenomenological theory is Maxwell’s theory of elec- 
tricity, alongside which the electronic theory of Lorentz plays the role 
of an explanatory theory attcmapting to vive a causal explanation, 

For the foundation of a phenomenological theory use may be made 
of all Jaws and general rules established in experiential science by 
means of scientific induction. As far as the physical sciences are con- 
cerned, consideration in this respect is deserved, first of all, by the 
most gereral jaws, which usually are also called ‘principtes’ ; e.g. the 
Jaws of conservation of energy, the law of entropy, the principle of 
inertia, the maximum and minimum principles of physics and me- 
chanics. Other laws, however, also may be used if, aiihough less 
general, they are nevertheless fundameatal for a large fickt of ex- 
perience; e.g. Coulomb's law or the law of equipotentiality in elec- 
tricity, the laws of valence in chemistry, etc. Even more particular 
laws may be useful as building blocks af a phenomenclegical theory, 

In the cultural sciences alsy there are similar general laws which 
can serve as the foundation of a phenosnenalogical er descriptive 
theory; eg. general economic laws or the sound laws of lingttistics, 
As examples of economic theories one conid same the theories of 
free trade, protective tariffs, wage determinants, devaluation and infia- 
tion. For these theories have as their foundation certain laws or 
tendencies, known from experience, which are capable of being used 
in mutual connections and from which certain conclusions can be 
deduced. 

However, in the sciences of man as man, such as psychology, and 
in the cultural sciences, which study phenomena whase origin and 
contents are derived from the activity of man as a rational and free 
being, it will always be necessary to be on guard against the occur- 
rence of deviations from the rules. As a iree being, wan is capable 
of expressing himself and acting in a way which in individual cases 
deflects from the yeteral rule, Consequently, it may casily bappen 
that there will be deviations with respect to the deduced consequerices 
of the theory. In the second volume, when siadying the experiential 
sciences, we will have to return to this point. 


Phenomenological Thearies Have an Acousal Character. AN the 
laws or rules of phenomenological theories are of a typically acausal 
or non-causal nature, ie, they are formulated in such a way that 
nothing ts said about the mechanism or the producing causes of the 
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phenomena, and the inventor of the theory also deliberately abstains 
from considering causality. The Jaws are intended only to express 
how, as 4 matter of fact, objects or men behave. As such, they are 
purely descriptive, and therefore the theories based upon them share 
to some extent in the same character. Nevertheless, as has been 
mentioned above, they are not purely descriptive, for they give us 
also a certain insight into the connection and interdependence of the 
phenomena and consequently an insight into the structure oi natural 
objects, the universe or a realm of human activity. For this reason they 
are sometimes said to ‘explain’ things. But in the usual sense of the 
term, ‘to explain’ means te reduce to known causes. Hence if this 
term is used in connection with phenomenological theories, the only 
possible rational meaning is to make the particular intelligible through 
the general or, in appropriate cases, to deduce the less known and the 
unknown from the known or to reduce them to it. Even here one 
could speak of a causal explanation, provided the term ‘cause’ is not 
lnmited te efficient or producing causes, but allowed to extend to 
formal, material, and final causes. For example, in a theory which 
is based upon general laws of nature, such as the laws of energy and 
entropy, the formulas used say something about the actual structure 
of the world and therefore about ‘formed marter’ (material and formal 
citise), its actual order and inner finality (final cause). Nevertheless, 
in accordance with the custumary usage of speech, we prefer te restrict 
the term ‘cause’ here to efficient causes and the term ‘explanatory 
theory’ to those theories which are really based upon known or 
supposedly known efficient causes. These explanatory theories must 
be considered now in the following part of this chapter. 


b. EXPLANATORY THEORIES 


Description, The theories of this group have another purpose 
than the preceding type of theory. Explanatory theories, too, start 
from the data of experience, want to bring order in them and lead 
to insight, but the way in which they attempt to do it is different 
because they try to give understanding of the why and how of 
phenomena and to explain them through their producing canses. 
If these catuses are not known but only their effect, it will be the 
task of research to formulate a hypothesis concerning the probable 
cause, whether of an individual and concrete phenomenon or, as 
usually is the case, of the specific nature of phenomena. Contrary 
to what happens in phenomenological theories, such an explanatory 
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hypothesis is mot a statement concerning what actually has beer 
found to exist in nature, but a supposition concerning reality from 
which the actually observed facts have to follow by way of con- 
sequence. It is possible that such a hypothesis wil! make the 
observed fact or connection immediately inteiligible, Often, how- 
ever, the hypothests will be used as a foundation tpen which, with 
the help of other defintely established data and mathematical aids, 
a theory will be built in which deductively one arrives at consequences 
whose empirical verification is pusvible, either itmmediatery or at 
least later. In case the theory arrives ly deduction at consequences 
whose occurrence is still entirely unknown, the statements regarding 
these consequences will have the character of ‘predictions’, and 
further research will haye to determine whelber or not such a pre- 
diction is realized. 


As long as a theory has not yet been wholly verified, and this 
means at least as long us competing theories exist which proclaim 
their ability to explain a group of phenomena, such a theory has a 
provisional nature. Tt may therefore be classified atnong the pro- 
visional causal theories. Jf, llowever, a fortunate choice huis heen 
made in the invention and formulation of a hypothesis, te theo- 
retical consequences deduced from it will be observed to exist in 
reality. Reversely, as we shall sce more in dvtai) in the fourth sec- 
tion of this chapter, the hypathesis and theory will have to prove 
their value in a coniroritation of the deduced consequences with 
reality. If a theory comes up to expectations and is verified by the 
facts, the phenomena concerned will have found their cafianation 
in the sense that it is now understood why they have fo occur and 
why precisely tn this way. An explanatory theory which is con- 
cerned with a sufficiently important and broad sector of a science 
and has been wholly verified will retain a permanent place in this 
science, for even in the future such a theory will he indispensable 
for a good insight into the matter concerned. 


Examples, As an iilustration of the preceding considerations 
we may refer to the theary of light. Tu explain the phenomena 
of light known in the seventeenth century, Newton invented the 
corpuscular hypothesis and Huygens the wave hypothesis, which 
developed into the carpusctitar and the wave theories of hight. The 
consequences of both theories differed in many respects, but in the 
beginning experience did not offer a basis for making a choice 
between the two theories. Later, however, more refined experience 
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showed that only the wave theary could give the desired explana- 
tion, While before the verification of the wave theary both theories 
had a provisional character, after it the wave theory acquired a 
permanent place in physics, and retained this place, at least with 
respect to its essential elements, even when the photon was dis- 
covered. 

Other examples of explanatory theories are found in all experi- 
ential sciences. In physical scicnce, for example, there is the atomic 
hypothesis devised by Dalton to explain various physical and chemi- 
cal phenomena long before the existence of atoms had been experi- 
mentally established; likewise, the molecular hypothesis which van 
der Waals, Boltzmann and others took as the starting point of a 
theory for the explanation of a large complex of phenomena occurring 
in liquids and gases, long before the existence of molecules had been 
directly determined. After the discovery of atoms and molecules, 
endowed with the properties which according to their respective 
hypotheses they ought to have, these theories lost their hypothetical 
character, but retained their place in science as explanatory theories. 

An important much-disputed hypothesis which may be counted 
among this group is the so-called eyalutionary hypothesis, To explain 
the remarkable data of comparative morpholagy, paleontology, embry- 
vlogy, etc, nany scientists start from the hypothests that the species 
of plants and animals are interconnected by a process of progressive 
descendance and perhaps even have evolved from non-living matter, 
The evolutionary theory which is based upon this hypothesis has as 
its task to indicate more precisely how evolution could take place. 
According to the factors which are considered to stimulate evolution 
or lead it intu a certain direction, the resulting evolutionary theory 
is, e.g., Darwinian or Lamarckian. 

Theory and fundamental hypothesis are inseparable in explanatory 
theories. For instance, a hypothesis concerning the nature of light 
is accompanied by a corresponding theory of light; an atomic hypothe- 
sis by an atomic theory; an evolutionary hypothesis by an evolu- 
onary theory; etc. 


In ctdturaé sciences, too, it is easy to find examples of explanatory 
hypotheses and theories. However, in these sciences it is more diffi- 
cult to arrive at an indisputable verification; therefore, in them such 
theories will more often retain the character of provisional theories. 
‘Fo illustrate the difference in character between explanatory theories 
in the physical and cultural sciences, we may point ta a few examples 
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taken from the cultural sciences, especially history; for instance, the 
theories concerning the origin and development of the French Revolu- 
tion, the War of Eighty Years and the American Revolution. In 
history, as is true to @ greater or jesser extent of all culiural sciences, 
it is difficult to see the facts objectively. Consequently, the explana- 
tory theories of history wilt often be colored by the mentality or 
world view of their inventor, even in essenial points; eg. more 
materialistic or Marxian, or mire syiritvalistic. Nevertheless, this 
difficulty does not take away iron the fact that stich theories are 
indispensable and will have to play a permanent role in vie science in 
question, Jt should be clear also that, although such theories are 
explanatory in nature, they difer considerably in character and siruc- 
ture from the explanatory theories of physical science. Later we 
shall have an opportunity to return to this difference. 


Ill. THE FORMULATION OF HYPOTHESES AND THEORIES 


Regarding the formulation of theories in the idea] sciences, we t 
may refer to the considerations offered above, in Section I, which will 
be dealt wich again in the study of these sciences in the secand voluue 
of this work. At present, we will restrict ourselves to theories in the 
experiential sciences. Moreover, no special attention will be paid to 
provisional theories because, as a rule, these theories do not offer 
any special difficulties, and if there are any, no general rule for their 
solution can be given. in provisionai theertes much depends upon 
the scientific intuition of the scientist. Insofar as provisional causal 
theories are concerned, the problems generally are analogous to those 
of the explanatory thearies which will be considered in this section. 
The construction af phenomenological theories does not offer any 
special difficulties. In them, there is no question of a hypothesis in 
the strict sense of the term, for these theories start from verified 
Jaws or principles and develop by deducing consequences from them. 
Hence we may limit ourselves to explanatory theories, Because these 
theories start from one or several hypotheses, we shall have to devote 
most of our attention to the formulation of hypotheses. 

Again, it will be impossible to consider all the aspects of this 
question within the limited scope of this boek. Only some important 
points will be considered. In the first place, we will pay attention 
to a few general difficulties encountered in the formulation of explan- 
atory hypotheses in experiential sctences, Secondly, we will speak 
about analogy as an important aid in the formulation of hypotheses. 
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1. General Difficulties in the Formulation of a Hypothesis 


A Suitable Starting Point. {The first difficulty will be met in 
searching for a suitable starting point of the hypothesis. ‘The hypo- 
thesis bas to be concerned with reality and precisely with those 
elements of reality which, at the moment when the hypothesis is 
formulated, are not or at least not completely within the reach of 
immediate observation. For the purpose is to discover the mechanis 
or producing causes of something which is observable only in its 
activities or effects. Man, with his spiritual-material nature, who 
ever in the most subtle constructions of his intellect remains dependent 
upon sense images, will have to try to form a suitable image or 
phantasm of that which has to be expressed in the hypothesis. 7 It is 
possible that the phenomena themselves will offer a definite suggestion 
in this line. In other cases, as we will see more extensively in the 
next part of this chapter, there is a possilulity that the analogy of 
the phenomena under investigation with other better known data will 
indicate a solution. However, it is not possible to give general di- 
tectives for the technique of formulating hypotheses and theories. 
Here, again, much wif depend upon the intuition of the man of 
research. 


Inadequacy of Availuble Data. Because the formulation of an 
explanatory theory must be guided solely by the available data whose 
explanation is sought, serious difficulties are likely to arise, For 
example, it should be clear that a hypothesis and the theory built 
upon it can never be quite correct and complete if they do not cover 
all relevant data, whether the reason for the incompleteness be that 
all the data are not known or that some have been overlooked in the 
formulation of the theory. Thus, for instance, it was impossible to 
form a correct theory of thunderstorms before an adequate insight 
had been obtained into the complex and ever-changing structure 
and ionization of the atmosphere; or of the structure of atoms before 
there was sufficient knowledge of the phenomena of radioactivity, 
ratiation and ather similar things. Newly discovered phenomena 
witl often make it necessary to revise the structure of a hypothesis and 
the theory built upon it. Something similar applies aise to the cultural 
sciences; ¢.g. history and archeology. Here, too, a hypothesis and 
theory will be more correct and complete according as their inventor 
has had more data at his disposal. 

In the progress of scientific research new data are gathered 
only step by step; hence it will frequently happen that no certainty 
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can he had concerning the qtiestian whether or net all jrnportant 
data relevant to a definite object are known, Moreover, im ex- 
periential science there are no @ prieri rtles to determine which data 
are relevant. Our insight into the relevancy of data increases accord- 
ing as continued research allows us to separate the important from 
the unimportant. The fewer the data known, the greater the pos- 
sibility that different competing explanatory hypotheses wall be 
forrouiated. In such a case, only the discovery of entirely new data 
will make a rational choice possible. Llowever, when no direct 
choice can be made between competing fundamental hypotheses, 
there will often be a possibility to make an indirect choice, as we 
shall see in the fourth section of this chapter. 


2. Hypothesis and Analogy 


Description. {In order to obiain the necessary pictures or 
images, the formulation of explanatory hypotheses often takes its 
guidance from the resemblance or analogy of the investigated 
phenomena with other phenomena which are better understood. 
Thus the better known is made to serve as an example or model 
in the formulation of the hypothesis and the development of the 
theory. ‘ 

It may happen, first of afl, that the phenomena under investiga- 
tion appear to be pertectly similar to others whose causes are 
known, From this similarity of effects the conclusien may be 
drawn that in all probability there is also a similarity of causes.’ 
Thus, upon the basis of the spectral resemblance of sunlight to 
the absorption spectra produced in the faboratory, the correct 
hypothesis was formed that the dark lines in the sun spectrum must 
be caused by absorption in the atmosphere of the sun, Such con- 
siderations, of course, always imply the conscious or wuconscicus 
presupposition of uniformity of mature: (cf. Ch. VIII, Sect. ¥)- 
The history of the physical sciences gives many other examples; 
eg, the many models of the ether which were made analogously to 
mechanical models to serve as the foundation of liypetheses and 
theories concerning electric and magnetic phenomena, or Frank- 
lin’s theory of lightning, which was based upon the analogy of 
lightning with an electric spark, 

Very often, however, the resemblance between the unknown 
and the known will not be as clear as in the examples above. 


6Ct. Chapter X, Sect. TI, no, 2 
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Nevertheless, even then it will often be possible to come to a hypothe- 
sis based upon one or the other observed or supposed resemblance. 
The best way to show how this is done will be through a few 
examples taken from physics, which offers the clearest illustration 
of this particular point. 


Examples. As classical examples we may refer to the hy- 
potheses which Newton and Huygens, relying upon analogies, for- 
mulated as foundations of their respective theories of light. Light 
is a phenemenon of propagation; hence there had to be something 
emitted and transmitted through a medium by the source of hight. 
Known were, on the one hard, the phenomena of propulsion of 
projected missiles, and on the other, the propagation of waves 
in a liquid when its equilibrium is disturbed. Newton based his 
corpuscular hypothesis upon the analogy of light with the first 
model, while Huygens used the other for his wave theory. 

Rutherford and Bohr made use of the known system of the sun 
and its planets as a model in their hypothesis concerning the struc- 
ture of the atom. Louis de Broglie was guided in the formulation of 
his hypothesis regarding the wave theory of matter by considerations 
ahout a supposed analogy of matter and light, Light reveals a double 
character—on the one hand, it is undulatory; on the other, it is cor- 
puscular, inasmuch as the etiergy and momentum of light corpuscles 
in a beam of light are directly related to the frequency and wave 
length of the corresponding light waves. Couldn't there be duality 
also In matter, couldn’t there be in matter, alongside the corpuscular 
character of a beam of moving particles, a wave structure whose 
frequency and wave length would he deducible from the energy and 
momentum ot the particles of matter? Upon this hypothesis de 
Broglie built his theary concerning the wave nature of matter. It was 
a daring but genial hypothesis, which the data of experience have 
subsequently verified. 

De Broglie’s theory induced Schrédinger to formulate his wave 
mechanics, in which he took his guidance from a supposed analogy 
with the twofold way in which the phenomena of light can be de- 
seribed—namely, according to geometrical optics ar according to wave 
optics. Classical mechanics is analogous to geometrical optics. Schré- 
dinger siarted from the hypothesis that, apart frem the description 
of phenomena in accordance with classical mechanics, another descrip- 
tion could he given according to a mechanics which is related to 
classical mechanics as wave optics is to geometrical optics. In this 
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way, he arrived at the formulation of his wave mechanics, which works 
with wave equations. The operators occurring in these equations 
were chosen in such a way that the resolutions agreed with the data 
of experience. 

These examples, which could be multiplied by many others, should 
be sufficient to show what was meant when the rele was indicated 
which analogy and model nay be able to play in the formulation of 
a hypothesis. Working out the analogy and analyzing the chosen 
model often throws light upon the phenomena under investigation, 
They sthnulate further research and (bus are able also to lead to new 
discoveries. 

In cultural sciences the efforts to acquire more insight into phe- 
nomena in which man is a factor will be able to derive support from 
the resemblance of human nature in all men, Thus the man of 
research, who himself is human, will be able to form a more or less 
accurate picture of the motives or ideologies which are or were 
the basis of the investigated human activities. However, in this 
matter there is a grave danger of mistakes, especially with respect 
to the behavior of individuals, as is often the case in historical sciences. 
Fos the human mind is very complex and not easy to prohe, and 
totally different motives or considerations may lead to the same 
results. 


3. Dangers of Inexpert Use of Analogy. Superflucus Elements in a 
Hypothesis 


In the formulation of an explanatory hypothesis with the aid of 
analogy difficulties are likely to occur, It has even happened re- 
peatediy in the past that such difficulties ted to deplorable results. 
The reason for these difficulties is as fottaws. The mode! which is 
taken as the starting point of analogous considerations will usuaily 
exhibit various aspects and qualities. Possibly ouly a few of these 
aspects have any importance with respect to the object investigated, 
while the others find no analogical counterpart in this object. Jn the 
case of a mechaticai model, for instance, one can distinguish form, 
dimensions, velocities, forces, etc. JE such a model is used in the 
formulation of a hypothesis, care has to be taken not to incorporate’ 
indiscriminately into the hypothesis all aspects of the model as con- 
stituent elements, hut only those which are necessary for the explana- 
tion of the investigated phenomena. The others are completely super- 
fluous and may even give rise to peculiar difficulties, as we shall! see 
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in Section IV, which is concerned with the verification of hypotheses 
and theories. Of course, it is not always very easy to see which 
elements are necessary or superfluous. Sometimes the question will 
become clear only later when there has been an increase of experiential 
data, Accordingly, it may happen that a theory will pass slowly 
through a process of purification till only the essential or relevant part 
of it remains. 


Examples. As an example we may name Huygens’ explanatory 
wave theory of light. In formulating it, he took as his model the 
known phenomena of waves occurring, for instance, in water. In 
laying the foundation for his theory of light, Huygens incorporated 
into it wave phenomena which were supposed to occur ia a hypa- 
thetical medium, called ether. Transversal vibrations were assumed 
to take place in this medium analogous to the transversal motion of 
particles in liquid waves. However, for the explanation of ithe 
experimental data of light it was only necessary to assume wave 
phenomena to which a frequency, wave length, and velocity of propa- 
gation could be attributed and which possessed certain transversal 
characteristics. Of course, a kind of mediwm had to be admitted 
to make wave phenomena possible, but it was not necessary to 
assume the local vibration of particles which occurs in a solid or 
liquid. ‘This element, the local vibration of particles, was superfluous 
and Jater led to such difficulties that some scientists finally rejected 
the whole theory of ether. This rejection, however, is not justifiable, 
for even now Huygens’ theory at least so far as its essential elements 
are concerned, can be maintained as an explanatory theory. 

Another example is the modern atomic theory fornnuated hy 
Rutherford and Bohr. Here again, in the beginning too much guid- 
ance was sought from the mechanical planetary model which served 
as an analogon. Efforts were made to explain the radiation character- 
istics of the atoms by mieans of mechanical orbital movement of the 
electrons around the atomic nucleus. This orbital movement, how- 
ever, appeared not to be necessary. Essential were only certain 
factors which in the planetary model could be interpreted as typical 
factors of mechanical motion, but appeared to have a different mean- 
ing in the atom. 

Let us add an example of inexpert use of analogy in the realm 
of the cultural sciences, for which we may choose political science. 
Considerations are often made in which the State is compared to a 
living organism. Undoubtedly, there is an analogy inasmuch as in 
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both the State and the organism there 1s collaboration of different 
parts for a comimon purpose, However, far too often it is forgotlen 
that a living organism possesses an inner uaity in which the parts 
have meaning only insofar as they contribute to the functioning and 
preservation of the whole, while, on tke other hand, the component 
elements of the State (families and individuals} have their own 
existence and their own purpose itulepeudettly of the Stare, With 
respect to his own huinan values, man has the primacy over the State 
and therefore, i: this respect, is in no way subject to the State. The 
State is for the sake of the families and their members, to make it 
possible for them to attain their purpuse, which is the perfection of 
man himself in alt his human facets. Hence there is danger in carry- 
ing the equation of State and living organism too far. As a matter 
of fact, in certain views of the State it has led to totally wrong 
conclusions, giving primacy to the State and making tren wholly sub- 
servient to it, Accordingly, the consequent application of the ideas 
suggested hy this analogy leads to the absolutist view of the State. 


IV. THE VERIFICATION OF HYPOTHESES AND THEORIES 


1. General Considerations 


As has been mentioned above, in Section E, in ideal sciences there 
can be no question of extrinsic verification, ic, verification by means 
of the confrontation of a theory with something external to it. Hence 
we will be concerned here cay with theories as ihey occur in the 
sciences of experience, which include the physical sciences as well 
as the sctences of man and cultural sciences, Most of our attention, 
however, will be directed towards theuries of the physical selences 
because in them the characteristic traits reveal themselves most 
clearly. Nevertheless, apart fron: minor changes due to the dif- 
ferences between physical sciences and the crher sciences, the mies 
to be established will apply also to these other sciences, as will be 
illustrated by a iew exwuuaples thronghout this section, 


Phenomenological Theories, The truth value of a phenomeno- 
logical theory will depend upon that of its starting point. This starting 
point is obtained by means of scientific induction from the data of 
experience and laid down in the iorm of laws and principles. If 
these laws and principles have heen established with sufficient cer- 
tainty and therefore are trastworthy in their generalized form, the 
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consequences deduced from them can be trusted, Moreover, the 
experimental verification of certain consequences may give additional 
support to our confidence m the theory and its foundation, With 
respect to these theories, therefore, there are no special problems. 


Explanatory Theories. The verification of explanatory theories, 
however, offers certain problems, As will be recalled, an explanatory 
theory is based upon gemiine hypotheses, ie. statements concerning 
a supposed counection of phenomena or their presumable causes 
which are not subject to direct verifeation. From such hypotheses 
the explanatory theory, with or without the aid of other Jrmly 
established data, deduces consequences which are relatect to the hypo- 
thesis as the conseguent is related to the antecedent in the conditional 
proposition ; if A is, then B is. In this respect it is irrelevant whether 
the explanatory theory is provisional or intended to be permanent. 
Hence, according to the rules to be explained presently, the verifica~ 
tion of the hypotheses will depend upon the verification of the con- 
sequences deduced from it. But once the fundamental hypotheses 
are verified, the theory itself which is based upon then ts verified 


and, in appropriate cases, may be given a permanent place in the 
edifice of science, 


Verification Rites. For the evaluation of the truth value of a 
hypothesis, only those conclusions are important which in one way or 
another are subject to verification, The extent to which the realiza- 
tion or non-realization of certain consequences is relevant to the 
validity of the hypothesis must be determined in accordance with the 
general laws of logic regarding the validity of conditional reasoning.” 
We will lint ourselves to indicate the miles concerning the connection 
of hypothesis and consequence which are immediately important for 
our problem. Moreover, the rules will be worded in accordance with 
the terminology used here, and we presuppose that the consequences 
have been deduced in a logically correct way from the hypotheses. 
These rules, then, are the following: 


1, If the deduced consequence is not realized, the hypothesis is 
not correct or at feast mot correct in its entirety. We will call this 
the first rude of verification, 


TThesc rules or laws may be found in any texthook of Logic; eg J. Th. 
Beysens, Legice of Denkicer, Leiden, 1923, po. 203ff. or H. Grenier, Phomistic 
Patlesaphy, Charlottetown, 1948, vol, I, pp. 101i. 
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2. If the deduced consequence is realized, the hypothesis may be 
correct. Certainty in this respect is had only if the hypothests is the 
only one which can Iead to the cousequence. We will call this the 
second rude of verification. 

Once a hypothesis is verified, conclusions may be drawn froin it 
according to the following rules: 


3. Wf a hypothesis is correct, ie. in agecerment with reality,® all 
deduced consequences must he realizecl. 


4, li a hypothesis ig not correct, it is not impossible that one or 
the other consequence deduced from it may still be currect (this will 
be the case if the consequence in question coutd have followed alsa 
from another hypothesis or froin a& true element contained in the in- 
correct hypothesis). 


These rules should be clear without any further comment. But 
because especially the first two are important we will discuss them 
presently sumewhat more in detail and illustrate them with a few 
examples, First of all, however, the remark must be made that the 
rules apply strictly only where there is a necessary connection hetween 
a hypothesis and the deduced consequence; in other words, where 
the consequence cannot not-be or be different. Such a connection will 
exist when there is question of a subject governed by deterministic 
laws, consequently, only in the physical sciences. In the sciences of 
man and cultural scrences, which consider objects in which man’s 
intellect and free will play a typically buman role, one must con- 
stantly keep in mind that so-called laws and rules do not have to be 
strictly valid, certainly not so far as individual cases are concerned. 
As a result, verification will ofer special difficulties. Moreover, 
theories referring to events which happened ouly once, as is so often 
the case in history, generally are not strictly verifiable. Usually, they 
are capable only of acquiring a greater or lesser degree of probability 
with the aid of cumulative argumenits, 

A last remark. It is possible that many logical steps may have to 
intervene between hypothesis and consequence, so many even that 
their connection is understood only if one knows the whole structure 
of the theory or at least that part of the theory which has led to this 
consequence, For instance, no one who is not at home in Linstein’s 
general theory of relativity will see the connection between the funda- 


8What is meant by ‘in agreement with reality’ will be discussed in the 
last section of this chapter. 
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menta! hypotheses of this theory and the deduction of a deviation of 
Mercury's movement around the Sun. The understanding of such a 
connection, especially in the physical sciences, often requires also an 
extensive knowledge of mathematics, 


2. First Rule of Verification 


Explanation. The first rule of verification is: if the consequence 
deduced from the hypothesis is not reatized, the hypothesis is nut cor- 
rect or at jJeast not correct in its entirety. Without further explana- 
tion, it should be clear that if B logically follows of necessity from 
the admission of A, then the fact that B is not realized itnplies that A 
is not correct. 

In the case of a hypothesis which contains only one element, the 
non-occurrence of the consequence imposes the rejection of the whole 
hypothesis and also of the theory based upon this hypothesis. If, 
however, the hypothesis in question is a composite whole, containing 
more than one element, it will be necessary to examine from which 
of these elements (Ai, As, Ag, etc.) the non-realized consequence 
follows. For the non-occurrence of the consequence will force us to 
drop only the corresponding element of the hypothesis, hut not the 
whole of it, This is an important point to remember. To disregard 
the composite nature of the hypothesis in question could icad to the 
unjustified rejection of the whole hypothesis or teo great a part of it, 
while perhaps everything can be maintained with the exception of 
the one faulty element. 


Example. As an example, we may point to the above-mentioned 
theory of light, as it was originally proposed hy Huygens. One of the 
elements contained in this theory was the existence of an ether which 
is subject to mechanical vibrations. Later it was seen that such an 
ether was absurd; for on the one hand, it had to be harder than steel 
to allow vibrations with a frequency as high as those occurring in 
light, wile, on the other, it had to be so rare that bodies could move 
through it without meeting any observable resistance. Observing 
this absurdity, sctentists could have becn salished with the rejection 
of such a mechanical ether, ie. an ether subject ta local vibrations, 
and have maintained an ether which is subject to periodic changes of 
condition or state. Many, however, incorrectly rejected the whole 
ether and thus abandoned too much of the contents of the original 
hypothesis, 
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Superfisous Elements and Modifications of Theery. The non- 
realization of certain consequences may not onty lead to the discovery 
of superfluous elements in a theory, but also induce ifs inventors to 
modify or replace the parts of their theory which are implicated by 
the non-realized consequences. For instance, in the modern atomic 
theory the mechanical character of the atemic model has been more 
and more modified and replaced by an abstract structure using only 
certain typical factors that are merely analogous to the factors which 
characterize the mechanical model; c.g. orbital velocity and such Hke. 


3. Second Rule of Verification 


Explanation, The second rule of verification is: if the conse- 
quetice is realized, the hypothesis may be correct, Certainty in this 
respect is had only if the hypothesis ts the only one which can lead to 
this consequence. 

The occurrence af any consequence deduced from a hypothesis 
gives a meastire of probability te the hypothesis or at least to the 
elements of the hypothesis from which the consequence was deduced. 
The more numerous the realized consequences are, the greater the 
probability of tlhe hypothesis, at least if these consequences are 
mutually independent. In such a case, the various data of experience 
are said to ‘converge’ upon this hypothesis. A foundation for it may 
be found in ihe Ingical principte of convergence or cumulative proof, 
which will he considered in our study of the probable argument (Ch. 
X, Sect. 1], 3). As adapted to its use in the veriication of hy- 
potheses, this principle may be formulated as follows: If several 
mutually independent consequences can be deduced from a hypothesis 
and if these consequences are seen to he realized, then the hypothesis 
will have a high degree of probalility and may even reach: practical cer- 
tainty. Even in this adaptation, the principle appears to be immedi- 
ately clear, True, it is possible that from a false hypothesis a conse- 
quence be deduced which happeus to occur in reality, but with respect 
to two mutually independent consequences such an occurrence is no 
longer probable, and in the case of three or four consequences it 
becomes practically an impossibility. Of conrse, care has to be 
taken to make sure that the various realized consequences really 
follow from the saine elements of the liypothesis, and are mutually 
independent, 


Example. A well-known example of such a convergence is sup- 
plied by the molecular hypothesis, By meaus of the deory based upon | 
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this hypothesis, it is possible to explain a number of mutually inde- 
pendent phenomena of experience, such as the various aspects of the 
Brownian movenient, the internal friction of gases, the phenomenon 
of opalescence at the critical temperature, the deviation in behavior 
of yery thin layers, etc. From all these dala one can calculate also 
the value of Avogadro’s number, i.e. the number of molecules in a 
mole or in a mass of substance numerically equal to its molecular 
weight. The same number follows also from yarious other phe- 
nomena which lie in a different field, such as electrolysis, phenomena 
of ionization, radioactivity, Millikan’s proof, ete. Thus the molecular 
hypothesis was confirmed in such a superior way that even its most 
militant opponents, such as Ostwald, gradually had to give in, In 
more recent times, the existence of separate molecules has been 
demonstrated also in a more direct way. This one example should 
be sufficient. Anyone will be able to find others in his own branch 
of science. 


Predictions, It will often be possible to deduce from a hypothesis 
consequences whose actual occurrence is not yet known and perhaps 
even is not yet observable for lack of proper means, In such a case, 
the term ‘prediction’ is sometimes used. There are many examples 
of it in the history of the experiential sciences. In modern physics, 
for instance, there were the predictions of the positive electron by 
Dirac and of the heavy electron (meson) by Yukawa, Subsequently, 
both kinds of particles were discovered, Such discoveries, of course, 
gave great strength to the confidence in the correctness af the theories 
in question. 


4. The Use of Verified Theories 


The two rules of verification, mentioned in No. 1, were followed by 
two other rules. A few remarks may be made concerning the first of 
these, which was formulated as follows: If a hypothesis is correct, 
Le. in agreement with reality, alt deduced consequences must be 
realized. This rule, whose meaning is sufficiently clear, has value 
for both theoretical and practical sciences as well as for the applica- 
tion of scrence to practical work. 

In the theoretical or ontological sciences, a verified theory will 
haye a permanent value for giving insight into the whole realtn of 
phenomena to which it applies. Moreover, it will be possible to deduce 
new consequences from it which are trustworthy and may lead to 
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new discoveries. In this way, such theories may reveal themsetves 
endowed with extraordinary fertility. 


In the practical or normative sciences, it will be possible to rely 
upon theories of the ontological sciences for the foundation of reliable 
rules which may serve as directives in the exercise of human activities. 
It will be sufficient to point to such sciences as electratechnics, 
mechanical engineering, hydraulics, ete., which make use af verified 
physical theories; or pedagogy and psychiatry, which apply verified 
psychological theories. 

Finally, in the daily exercise of his profession, the specialized 
craftsman or worker profits from the normative rules formulated by 
the practical sciences, These few remarks should suffice to show the 
importance of verified theories for both science and practical work. 


V. THE TRUTH VALUE OF THEORIES IN THE SCIENCES 
OF EXPERIENCE 


Although in general we try to keep away froin epistemological 
problems in this book, nevertheless it may be useful to say something 
here concerning the truth value of theories because this point gives 
often rise to disputes and misunderstandings. In our study of theories 
in the ideal sciences we have already made a few remarks regarding 
their truth value; hence we may linyit ourselves here to the theories 
of experiential sciences. In these sciences, the question of the truth 
value of theories has obtained a certain celebrity and even notoriety, 
especially in physical science, For this reason, most of our examples 
will refer to the physical sciences. 

As the reader will have noticed, in the study of theories in the 
sciences of experience we have always taken the realistic standpoint, 
although it was not mentioned explicitly, This standpoint is taken, 
as it were, spontaneously and intuitively by everyone in daily life 
as well as in scientific research, However, as soon as there is phijo- 
suphica!l reflection upon the haman process of knowledge, opinions 
become widely divergent. Because it is beyond the scope of this 
work fo study episternolugical problems ev professe, we cannot con- 
sider the various views in any extensive way. Nevertheless, it seems 
useful to mention several views succinclly insofar as they refer to the 
value of theories in the sciciices of experience. Important for ovr 
purpose are, apart from realism, which will be considered fast, 
idealism and the yarious trends of positivism. 
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l. The Ideatistic View 


For the idealist, especially the Kantian, human knowledge is a 
subjective process in which the senses and intellect, on the occasion 
of external sertse stimuli, produce the object itself of knowledge and 
thus largely determine the contents of the known. In virtue of innate 
‘mind forms’, we are necessitaied to arrange phenomena according to 
certain categories, such as unity and plurality, substance and accident, 
causality, ete. The reaJity of the phenomena is not the measure of 
out thought, but it is the intellect itself which is this measure, The 
order which we think to perceive and know is not the order of things 
in themselves, but the order which, in virtue of the innate structure 
of our mind, we put into the products of our knowing. 

This view entails a definite standpoint with respect to scientific 
theories. For the defenders of this philosophy, a theory is nothing 
hut a subjective arrangement of phenomena in us in accordance with 
innate mind laws; an explanatory theory is a theory which shows 
that the data of experience can be arranged according to the category 
of causality. 


2. The Positivistic View 


The term ‘positivism’ comprehends a large group of rather 
divergent philosophical views. Classical positivist was founded by 
Auguste Comte (1798-1857). According to him, after passing through 
the theological and philosophical stages, man will enter the positive 
stage {of which Comte considered himself the prophet}, in which he 
will see himself freed from theological and metaphysical prejuctces 
and apriorisms and will Hmit himself to observation and classification 
of phenomena according to the laws suggested by experience. It is not 
permissible and even meaningless to go beyond experience. Thus 
every hypothesis concerning that which lies beyond experience, as 
well as every search for true causes, is rejected as illegitimate. Such 
endeavors belong to the metaphysical stage of san, which, says Comte, 
is past. For Comte, science is not knowledge of causes, but merely a 
description af regularity in nature, of the ‘how’ of events in the uni- 
verse, Tk should be clear that in this view explanatory theories are 
exiled without hope of recall; only descriptive or classtfying theories 
are capable of finding grace. 

Closely alhed to this view and leading to the same results 
with respect to the value judgment of theories is the standpoint 
of the so-called energetists ancl! thouglit economists. To the first 
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group belonged principally pliysicists and chemists; eg. Ostwald. 
heir ideal was a science without Lypotheses (‘hypothesenufrete Wis- 
senschaf?}, which by preference would use energy considerations 
that are always applicable and have no assumptions concerning the 
probable causes of phenomena, As their miadel they took the 
thermodynamic theory. As proponents of the second group we 
may name Mach, Poincare and Dulem, In their view, the order- 
ing and classification of phenomena in theories has no other value 
than that of making things easier for the man of science. The 
theory to be preferred is the one which ts easiest or olost ‘thought 
economic’. Because of its thought economic character, the thermo- 
dynamic theory was held also by this group ta be the ideal of a 
theory. 

Vinaily, a brief remark concerning neo-positivism, According to 
this system, only that exists or is meaningful which, in principle, can 
be verified. The question regarding the value of a theory or the 
meaning of an ‘explanation’ is meaningless because no verifiable 
answer cat be given, However, the neo-positivists admit hypoth- 
eses and theories provided that they are, at least in principle, 
verifiable by means of observation and experimentation.” 


3, The Reatistic View 


Description, Attur the preceding fragmentary survey of deviat- 
ing philosophical views, we nist devote a few moments to the 
realistic standpoint with respect to the value of scientific theories. 
According to the realist, there is a world of real things, having real 
extension, real properties and real activities, Furthermore, the 
realist accepts that sense experience is capable of giving a reliable 
picture of this world, so that for every specific sense impression 
there is some corresponding scientific reality in the outer world, 
Flowever, the knowledge of the senses is not formally the same as 
reality, but merely analogous to it, Although the contents of the 
sense image is primarily determined by the real outer world, it 
reveals itself to us in a form which is determined by the nature of 
our sense organs. 

Something similar applies to our mtellectual knowledge. Our 
concepts of real things are formed by means of abstraction irom 
sense images, and in these concepts we intellectually know reality 


®For a critique of the principle of verification, cf, P. Henry van Laer, 
Philosapkico-Scientific Prablems, Pittsburgh, 1953, Ch, Hi. 
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according to its specific structure.” Because our intellect depends for 
its knowledge of reality upon the senses, it is directly capable only 
of concepts of those things which are within the reach of the senses. 
Indirectly, however, the intellect is capable of having concepts also 
of non-extended, non-sensible, purely spiritual things, Moreover, 
in its consideration of reality our intellect depends upon the plian- 
tasms of the imagination; the phantasm, citker as a whole or iu its 
component parts, is an image of that which is perceived by the 
senses; hence our intellectual knowledge of reality will be analogous, 
at least with respect to those parts of reality whose inner structure 
is beyond the reach of the senses, 


Application to Theories, From these considerations it will be clear 
that scientific theories which are properly founded upon experience 
give a trustworthy picture of reality. Descriptive and explanatory 
theories do so tn their own way, Descriptive theories teach us the 
factual relationship existing between phenomena in their mutual con- 
nection and interdependence, and, in appropriate cases, the existence 
of a certain tendency or direction in the development of real things. 
They provide us with a certain amount of insight into the material, 
formal, and final causality existing in this real world. Explanatory 
theories, on the other hand, give us insight into the efficient causes 
which praduce or maintain the observed phenomena and the inner 
mechanism of these phenomena. Hence both groups of theories pos- 
sess a truth value. In their own way, they make us know certain 

‘ aspects of reality and thus give us a picture of reality. This picture, 
however, is not formally the same as this reality, but only analogously 
—there is similarity, but also dissimilarity, There are objective ele- 
ments in theories, hut also products of our thinking; there is enough 
objectivity to give a trustworthy description or explanation of real- 
ity, but also enough product of thought to make this description or 
explanation analogous. This applies, in the first place, to all theories, 
inasmuch as they make use of concepts that ate mot adequate with 
respect to reality. But in a special sense it applies to explanatory 
theories because these theories often have to resort to analogous 
models whose elements have not all been verified by experience and 
their hypothetical causes are not subject to direct observation. Be- 
cause of its unavoidable analogous nature, our intellectual knawi- 
edge of reality is only an approximation of reality itself and there- 


10CE, ibid, Ch. I. 
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fore must not be identified with it, One who keeps this analogous 
character in mind will not easily exaggerate the truth value of theories. 
Moreover, in this way it will be easier to overconie most of the 
objections of non-realistic philosophers {idealists and positivists) and 
to reply to their difficulties. In our view, the realistic standpoint of 
Aristotelian-Thomistic philosophy is aiso the only one which, philo- 
sophically speaking, is adequate. However, for this question we must 
refer the reader to ex professo studies of the epistemological problem." 


1iCE., for instance, F. Van Steenberghen, Epistemology, New York, 1949, 


CHAPTER TEN 


DEMONSTRATION IN SCIENCE 
INTRODUCTION 


The purpose of every genuine scicnce is to obtain true and certain 
knowledge of its object. Teo reach this goal, two conditions must be 
fulfilled : 


1) There must be true and certain knowledge of the starting 
point and the presuppositions of the science. We have spoken about 
this point in Chapter VI. 


2) It must be possible to deduce new statements from certain 
statements concerning facts or other established truths. Such new 
knowledge is obtained by means of an intellectual argumentation or 
reasoning, which usually is called demonstration or proof. 


In the present chapter we shall devote our attention mainly to 
demonstration in the sense of the derivation of a new truth from a 
known truth, and not to the foundation of first principles, which 
cannot be reduced to others but belong to the general presupposi- 
tions of science, such as the general metaphysical and epistemological 
principles, the basis of realism, the existence of free will in man, 
etc. (ef. Ch. VI). It is not possible, for instance, to give a strict 
demonstration of the principle of causality, the freedom of men’s 
will or our own existence, for these truths cannot be deduced from 
others, but are seen as true by our intellect in a way that is strictly 
proper to them. Hence it would be unreasonahle to demand a demon- 
Stration of the principle of causality or the freedom of the will if 
demonstration is taken in the usual above-indicated sense. However, 
if the term is taken in a fess restricted sense, as is often the case, 
there is no objection against the use of the term with respect to 
speculations concerning these general presuppositions. 


Division of this Chapter, When in a preceding chapter we studied 
seientiie methods, we came across reasonings and argumentations 
which allow the making of deductions from definite data. We shall 
investigate here the demonstrative character of these scientific argu- 
ments and the conditions required for a scientific proof, 
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A demonstration must, if possible, give certainty concerning truth. 
It is not sufficient to know something which objectively is true, but 
we must also be subjectively certain of its truth. 

A demonstration which satisfies the strictest demands is called 
a strict demonstration or apoadictic proof. The strict demonstration 
will be considered in Section One of this chapter. 

The term ‘demonstration’ 1s used also in a wider sense for any 
consideration which by adducing reasons and arguments make a 
statement more or less probable, Such a consideration is called 2 
probable proof. It will be studied in Section Two. 

We will, moreover, pay attention to other divisions and kinds 
of proofs which are important for the understanding af various types 
of demonstrations and their scientific nature. Thus in Section Three 
we will speak about the causal proof and the factual proof; in Sec- 
tion Four about a priori, a@ posterior] and o@ simultaneo proofs; and 
in Section Five about the imdirect proof. The sixth and last section 
will be devoted to the value of proofs from axthorify in science. 


i, THE STRICT DEMONSTRATION OR APODICTIC PROOF 


As should be clear from the introduction, the strict demonstra- 
tion may be defined as a logically correct argumentation from true 
and certain premises, [t terminates in a demonstrated truth. In 
Aristotle's terminology, the strict demonstration is called the apadictic 
proof because the conclusion is ‘shown’ to be true (from the Greek 
apodeiknumai; to show). 

A strict demonstration must fulfill the following conditions: 


1, The premises must be objectively true, ie. express a relation 
of stbject and predicate which exists m reality. From false premises 
a true conclusion may follow accidentally, but it does not follow in 


virtue of the premises and there is no certainty that the conclusion 
is true. 


2. The premises must be cerfain. This requirement refers to 
the subjective condition of our knowledge regarding the contents of 
the premises. Any defect of certainty concerning the premises will 
aftect the whole argumentation based upon them. The conclusion 
cannot be more certain than the premises. 


3. The conclusion must be deduced from the premises with 
strictly logical consequence. Hence the demonstration must be a 
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syllogism in accordance with the laws of logic. Only in this case 
will the conclusion bave the same character of truth and certainty 
as the premises. 

One of the premises must be an apodictic or necessary judgmient, 
having a universal nature, while the other may be an assertory or 
factual statement. 


1, True and Certain Premises 


The following categories of judgment fall under the term ‘true and 
certain premises’: 


a, General metaphysical and epistemological principles which are 
understood immediately by the intellect; for instance, the principles 
of identity, of contradiction, of causality, and intelligibility; also the 
principle “every being has of necessity the essential characteristics 
af its being’. This principle may be considered as a special formula 
of the principle of identity (cf. Ch. 1V). It is applicable to all things 
ta which in one way or another an essence can be attributed; hence 
not only to natural objects and human artifacts, but also te Church 
and State or other human societies and mathematical cntities. 


b. General principles in the order of quantity which through for- 
tal abstraction are seen immediately in the data of experience; ¢.g. 
“the extended is divisible” or “the whole is greater than a part” and 
various mathematical axioms. 


«. General judgments concerning nature which are deduced from 
the data of experience by means of scientific induction. However, 
certain restrictions are necessary here (cf. Ch. VII). 


d. General judgments concerning man and human behavior which 
are based upon our insight into man’s nature and obtained by means 
of induction. Here, again, prudence is necessary because judgments 
concerning free human activities have only a moral necessity and 
allow exceptions (cf, Section IL). 


e. Religious truths if there is certainty concerning the Revealing 
Authority {ef. Section VI). 


f. Theses which have been established by a previous deduction 
from true and certain premises, An apodictic proof dees not have 
to be established immediately upon primary principles but only 
ultimately, 
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g. As true and certain premises may be considered aiso postulates 
which have been chosen rather arbitrarily as the starting point of 
a theoretical system, as in mathematics and logistics, provided that 
these postulates are not contradictory, If such premises are used, 
the qualification ‘true and certain’ does not belong to them by virtue of 
their contents or verification but only by ‘assignation’, 


h. Finally, the immediate and singular judgments of experience 
which are based upon a trustworthy sense experience. However, such 
assertory judgments may be used only in the minor premise of the 


apodictic proof, 


2. The Character of Necessity of the Apodictic Proof 

In an apodictic proof in the above-explained sense we have to do 
with premises which are objectively true, known to be true with cer- 
tainty, and the conclusion is reached in accordance with the rules of 
logic. In such a case, the conclusion wil] express a cannection which 
is necessary, i.e, it cannot not-be or be different, and its necessity is 
known to us. The ideal is to know the necessity mot merely as actually 
existing but as a necessity, in the sense that we know why this con- 
nection must exist and cannot be different. Very frequently, how- 
ever, it will not be possible to reach this ileal because we do not have 
the required insight; for instance, in conelusions which are based 
upon Revelation and many cunclusions of physical science, A genuine 
insight into necessity exists only in the causal prouf (cf. Section IIT). 

It is obvious that the character of necessity of the conctusion is 
propertioned to that of the premises. The uecessity, however, of 
the pretnises may be of ditterent degrees. As we have seen in Chapter 
Four, a distinction must be made between absolute or metaphysical 
necessity and the Aypothetical necessity which may occur in different 
orders, such as the mathematical, the physical, and the mora! order, 
Hence the conclusion of the proof in question will enjoy a correspond- 
ing degree of necessity. 

A special difficulty is encountered with respect to the so-called 
moral necessity, which is proper to judgments concerning a general 
human rule of acting (cf, Ch. I'V, Section TT, No. 3), Because such 
rules do not have an absolute validity, but always allow exceptions, 
the proofs based upon these rules wilf haye no greater valtte than the 
probable arguments which we will presently consider. As we will 
see in the second volume, it is especially in the cultural scienees and 
the sciences of man that this difficulty arises. 
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Ik FHE PROBABLE ARGUMENT 


\, General Considerations 


The probable argument may be described as a logically correct 
argument whose conclusion does not attain to more than probability. 
In Aristotelian Janguage, as opposed to the apodictic proof whose 
certainty is nok subject to doubt, the probable argument is callect 
the dialectic argument (from the Greek dialegomai: te dispute). 

This argument, therefore, does not result in certainty or know!- 
edge in the strict sense of the tern because there is no cumplete 
insight, It succeeds only in giving a subjective sense of probability, a 
presumption or opinion, regarding the truth of the conclusion. 

Since the probable argument, too, demands a strictly logical con- 
sequence or formally correct syllogism, the lack of certainty can spring 
only from the defective nature of the premises. Both, or at least one 


of the premises, are problematic or probable statements, Examples of 
such statements are: 


a. Judgments concerning the general way of human behavior, ie. 
judgments expressing a moral necessity ; 


b. Judgments concerning connections whose necessary character 
is not knuwn to us, althouzh in reality they are necessary, so that the 


judgments, as a matter of fact, express necessary or essential con- 
nections. 


a. The first type of probable statement is often found in general 
judgments concerning the course of action men will take in a defi- 
nite set of circumstances; ¢.g. in times of danger, war or certain 
economic conditions men will generally act in this or that definite 
way. It is obvious that such a judgment does not express any inner 
necessity, except the so-called moral necessity, mentioned above, and 
that its application to @ particular group of men or individuals will 
always be dangerous (cf, Ch. IV, Sect. I, no. 3). This kind of 
uncertainty will often be met with in the sciences of tmman and the 
cultural sciences; e.g. history and economics. 


b. The second type of probable judgment occurs frequently in 
the physical sciences. From observation there arises a definite im- 
pression that there is a necessary or essential connection between 
phenomena, although it is not yet possible to be certain in this 
Tespect. 1n physical science such a probable argument will usually 
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be the first step on the road to certainty, Vhe impression gives rise 
to a hypothesis concerning the true connection, foundation or causes 
of the phenomena under observation, The Jrypothests is abie to 
stimulate further, more convincing research, which may be able to 
give the final foundation of a demonstrative prouf. 

From the preceding consirlerations it should be clear that, al- 
though the probable argument docs not lead to genuine knowledge, 
it has its place in science. 1 ts the natural preparation for certain 
knowledge of causes or a sufficient foundation for buman actions. 
The deficiency of our sense knowledge of reality and the limitations 
of our intellect do not allow us to reach immediately the highest 
degree of certainty. 


2. Proof from Analogy 


A special group of probable arguments is formed by the so-called 
proofs from analogy. By this terin is meant an argumentation in 
which by virtue of the resemblance (analogy) between two phe- 
nomena or groups of phenomena certain characteristics of one are 
attributed to the other. Such an argumentation may be considered 
to be a process of reasoning in which the principle of analogy is one 
premise, while the other is formed by a judgatent concerning the 
resemblance or analogy between the phenomena in question. Beth 
deserve a brief consideration, 


a, THe Principre or ANALOGY 


In a general way, this principle may be formulated as follows: 
"Similar (analogaus} phenomena have similar causes, properties or 
effects", More specialized formulas of the principle will be given 
below, The principle of analogy expresses an irrefutable truth pro- 
vided that 1) its application is limited to deterministic phenomena, 
ie, phenomena which by their very nature can work in only one 
way; 2) the similarity in question refers not merely to accidental 
qualities or relationships but is really essential. If both these con- 
ditions are fulfilled, one is justified in concluding from the analogy 
of observed phenomena to the similarity of other connected phe- 
nomena, such as their causes, effects or modes of operation, The 
probability of the conclusion wil he directly propertioned to the 
extent and certainty of the observed resemblance. 

The first of these two conditions is always fulfilled in the case 
of natural phenomena in which man’s free will plays no role. The 
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second condition, however, concerning the actual occurrence of 
analogy in essential points, wilt often give rise to many difficulties, 


| 
1 
' 
| b. ANALOGY IN EssENTIAL Ponts 


The analogy upon which the reasoning process is based must refer 
i to the essential points which are at stake in the argumentation. Get- 
it eraliy, however, it is, first of ail, by no means @ priori clear which 
t elements of a given situation are necessary and essential, and secondly, 
! sense experience is not capable of leading immediately to a definite 
; answer. Asa miatter of fact, the resemblance considered in the argu- 
J ment has to be established by experience; sense experience, however, 
is always limited te observable phenomena (qualities and reactions) 
and alone can never distinguish the essential from the accidental. A 
sense perceptible or superficial resembJance in form, quality or activity 
does not always have to point to a necessary or essential connection, 
but will often be the result of incidental factors or chance occurrences. 
lf im a given case intellectual analysis is capable of distinguishing the 
essential from the accidental, then 3¢ will be possible to formutate an 
apodictic proof. Often this proof wiil be merely a factual proof, but 
if an insight into the reasons of the fact is attatnable, it may also have 
the character of a causa! proof. Usually, however, this insight wilt be 
lacking, especally in the first stages of scientific research, so that the 
second premise of the proof from analogy cannot be considered to 
attain to cettainty. Accordingly, the whole reasoning process wiil be 
no more than a probable proof whose conclusion has a hypothetical 
character. Continued research may be able to confirm it, but may 
also modify or reject it. (nm this continued research, attention will have 
ta be paid not only to the points of resemblance, but especially to dis- 
similarities and their influence upon the whole, For stmilar causes 
are capable of producing dissimilar effects if there is a variation of 
circumstances in which different co-causes exercise influence. Hence 
in many cases there will be merely an apparent analogy, so that the 
reasonilig process in question will be a sophism. This sophism is 
called the fallacy of analogy, 


¢. EXAMPLES OF THE USE OF ANALOGY IN SCIENCE 


The above-mentioned considerations about the use of analogy may 
i‘ be illustrated by a few applications in which the principle of unalogy 
‘i is formulated in various special ways. 
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Analogous Causes Have Auatogors Iifiects er <tetions, Vhis prin- 
ciple is often applied, explicitly or implicitly, in the physical sciences 
of animate and inattimate nature, especially in cowparative anatomy 
and physiology, The formula is often furcher acaped to the realin 
of its application ; for instance, analogous organs have analogous tunc~ 
tions. Although such principles must be used with the necessary 
prudence, they have shown their usefulsess in biclogical scicuces and 
especially in the study of the Numan body. While the humaa body in 
no respect is perfectly equal to that of animals but analagous to theirs, 
experiments on animals may provide valnable information when circet 
experiments on man are not possible. 


Analogous Phenomena Mave Analogous Causes, Guided by this 
prtincipte, Franklin concluded from the similarity of lightning and 
electric sparks to analogy of their causes, i.e. to the presence of electric 
charges in the atmosphere whose discharge give rise to flashes of 
lightning, The principle is used also in aniaal psycholagy when from 
the analogy of reactions to similar stitnuli ar from atalogous observa- 
tions in man and atimals one concludes to analogy of processes, sensa- 
tions, or emotions with respect to man and animals, However, there 
is great danger in the application of this principle to the psychical life 
of animals because it is not possible to obtain reliable data conceraing 
the cxistence or nalure af an inner ¢rootional life in animals and 
therefore impossible also to state to what extent there is trie analogy. 
Kor instance, it certainly was a wrong application of analogy when 
upon the basis of the superficial resemblance the phenomena of fe 
began to be considered as purely physico-chemical processes, or when 
certain ways of animal behavior were put on line with the trapisms 
of plants. 


The Course of Analogous Phenomena Fallows Analogous Laws. 
This expression differs in form from the preceding ones, but its con- 
tents is the same, for the observance of sinvilar laws Hows precisely 
from the relationship of cause and effect in deterministic phenomena, 
Nevertheless the formula has its practicul use when the causal con- 
nection is not immediately clear or one wants to leave this connection 
out of consideration. 

In physical science this principle is often followed intuitively; 
eg. when from the resemblance between phenomena of sound, light 
and heat the conclusion is drawn that they must follow analogous 
courses with respect to, for instance, propagation, refraction, deflec- 
tion and interference, In the realm of biological sciences there is 
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an application which may be formulated as: equal external factors 
influence analogous organs or functions in an analogous way. ‘This 
principle is used jn medicine when, after experimenting with a treat- 
ment upon animals and observing its effect, the same is apphed to 
man in the confident expectation that the physiological reactions will 
be analogous to those ohserved in anitnals. 

Haccke! took this principle as hts starting point in the formulation 
of his fundamental biogenetic law that the ontogenesis of the indi- 
vidual is a repetition of its phylogenesis, i.e, the origin of a species 
by way of evolution. From the various stages occurring in onto- 
genetic evelulion a conclusion could be drawn, he thought, concerning 
the successive stages of development which would have Jed to the 
species present. However, it is not at all @ prio: clear that there 
is an analogy hetween ontogenesis and phylagenesis, so that even a 
priort Haeckel’s law must be considered to be very doubtful. More- 
over, it has been shown repeatedly that also as a matter of fact the 
biogenctic law has no value for the solution of the problem of evolu- 
tion, Nevertheless the law continues to be accepted hy numerous 
adherents of evolutionism. 

Another wrong application of this principle of analogy occurs 
among certain sociologists. From a certain resemblance between a 
human society and a living organism they do not hesitate tu draw 
conclusions concerning the inner order, growth and development 
which, they claim, must take place in a human society. 


¢. A Part AND A Fortiori PRooFs 


The degree of probability enjoyed by the conclusion in a proat 
from analogy increases in direct ratio to the degree of resemblauce 
upon which the conclusion is based. The term a pari is used in refer- 
ence to a conclusion when there is a practically perfect resemblance 
between the newly considered cases and others for which the con- 
clusion is certainly valid. When such a resemblance occurs, the 
degree of probability reached with respect to the new cases or new 
gronp of phenomena is so great that it borders on certainty. To 
give a few exanrples, it will be possible ta conclude a pari that the 
dark spectral lines of the sun and the stars originate in a simitar 
way as the dark spectral lines produced by the absorption of light 
in the laboratory; in frequently occurring cases of a disease, the 
physician’s diagnosis will have the value of an a pari conclusion, 
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By an @ forfert conclusion is meant that the reason which av- 
counts for a certain result in one case is considered ta be present even 
more strikingly in anether case, For example, virtuous acts which 
are expected of every human heing, @ fortrori are expected of a 
Christian; if a heakhy man cau hecome the victim of aa infection, 
a fortiori a sick person will be subject to it. 

in this connection we may micttion also the a comrario proof. 
This proof is an arguimentation whose starting paint tacks thar 
element which is cousidered to be the foundattow ot the opposite 
conclusion. If, far instance, had hoitstag increases jimuorality, it is 
to be expected @ contrario that improved housing conditions will 
have a fayorable effect upon general moratity. 


Remarks, ‘fhe reasoning process which above lias been studied 
under the name ‘proof froin analogy’ ts sometimes catled analogous 
induction, In our view, the use of this term is not to be recom- 
mended. In the proof from analogy it ts not primarily a question 
of a tramsition from the particuiar io the universal, but, as is clear 
from the exarnples, rather a transition from one group to another 
group or from one individual to aavther individual whic has cor- 
tain similarities with the first. 

Tt is true, of course, that, as we have seen in Ch. VII, Sect. [, no. 
5, analogy is sometimes used to arrive, after an investigation of a 
number of individual instances, at a collectively general jrudginent 
which is considered to be valid for tle observed cases as well as for 
non-observed but analogous instances. But even in this case the 
use of the term ‘analogous induction’ 3s not recommendable. Pret- 
erably, one should speak of by-analogy-completed induction. 


3, Convergence 


With respect to a scientific problem it may be possible to arrive 
at the sate conclusion in different and niatually independent ways, 
each af which does not altow mtere than prebalality, In such a 
case, the conclusion will have a wich greater degree of probability 
than could be attributed to it upon the basis of each argument taken 
separately, Occasionally, the conchision may even reach the mark 
of certainty. The foundation for this greater probability or practical 
certainty lies in the so-called principle of convergence, which may 
be formulated as follows: Tf a number of niutually indepencent ar- 
guments which separately have anly a probable vaine lead to the 
same conclusion, this conclusion wil have a luigh degree of certainty 
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and irath. The principle would seem to be clear enongh aad nat. to 
need any comment, Of course, a necessary condition for its validity 
is that the various arguments are really independent of one another, 
ie. have different starting points, in general, when one starting 
point does not lead to inore than a probable conctision, efforts wall be 
made to obtain the same result by starting from a different clatten. 

The method of convergence is used in all sciences, To pive a 
few examples, in history converging proofs are used to show that 
a disputed person lived at a definite time or was respovsthle for 
definite events; in astronomy and geology convergence lias led to a 
reliable estimate of the age of the universe and the earth. Moreuver, 
as we have seen in the preceding chapter (Sect. 1V, no, 3), the 
method of convergence is generally used in the verification of 
hypotheses. 


Ili. THE CAUSAL AND FACTUAL PROOFS 


In both the strict demonstration and the probable argument a 
distinction can be made between the causal and the factual proof. 
A causal proof (demonstratie propfer quid) is a process of reasoning 
which shows a relation as arising of necessity from its causes. A 
factsat proof (demonstratio guta or quod), also called an assertory 
proof, is an argumentation which reveals the actual existence of a 
relation without however giving any insight into the reason for the 
relation. 


This division is nothing new. It may be found in Aristotle, who 
distinguished ‘dio’ and ‘dti’ proofs. 

The division is adequate because it is hased upon contradictory 
opposition---either there is an insight into the cause of the relatton, 
and then the proof is cavsal, or there ts no such insight, and then the 
proof is factual. Accordingly, every proof which is not a causal proof. 
will automatically have toa be classified as a factual proof. 


t. The Causal Proof 


According ta the definition given above, the causal proof is a 
proof which makes a relation known to us in its causes. It is the 
only strictly scientific proof, for this proof alone gives genuine 
knowledge in accordance with the ideal mentioned above, in Ch. 1. 
no. 3, ‘“‘inteilectual knowledge with insight into the causes why a 
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thing is”, Only to this proaf is it possitle to apply in the strict sense 
the classical definition: “a syllogisni which viakes us know". 


Requirements of the Causal Proof, Vo be causal in the strict. sense. 


of the term, @ procf must satisfy several requirements with respect 
to the causes upon which it is based. 


1, The causes in question must have a truly onfefegical value, 
ie. they must determine the existence ai the relationship and apt 
merely be Jogical causes which make the relation known to us, An 
effect, iur imstance, or a property cau he the logical cause of our 
knowledge of its real cause or subject, lutt in such a case that which 
is ontologically prior in betuy is logically posterior in betg known. 

‘The term ‘cause’ is used here for afl causes of being and also for 
the so-called virtual or metaphysical causes, A cause of being is any- 
thing which by its inflnence deterinines the coniing to he, the being, 
ot the mode of beimg of something else. This concept imphes there- 
fore a real influence apon the beg of a thing. In accordance with 
the various modes in which this influence can take place, philosophers 
speak of efficient and Anal, material and formal causes, 

Apart from the causes of being, there are the wrtuel or mreta- 
firysical causes of a thing. This term is used for that which in the 
ontological arder must of necessity be admitted in order to make 
something intetiigible, although there is no question of a true onte- 
logical influence, For instance, God's immutaiality is the virtual 
cause of His eternity; the immateriatity of the haman soul is the 
virtual cause of its immortality; and the extension of matter is the 
virtual cause of its divisibility, Virtual causes are included tmder 


the term ‘cause’ when we speak of the requirements of the causal 
proof. 


2. The causes must be known az causes. It is nat sathrient to 
know that which actually is the cause, but it is necessary to know 
the cause as a cause, ie. to have an jasight into the working of the 


i 
i 

cause sO that it is understood why the asserted relationship must be 
what it is and caunot he diferent. 


3. In general, the cause adduced in the proof must he the proper, 
titsmediate and adequate cause, so that the effect in qucstion is ‘con- 
yertible’ with the adduced cause. 


By proper catse is meant the cause which itself in virtue of its 
own causal influence produces the effect. This recuirement excludes: 


a 
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a, Non-proper causes, such as circumstances, occasion or appor- 
tunity, which may have some importance with respect to the effec, 
but themselves do tot produce it, 


b. General or common causes; ¢.g. if man’s mortality is given as 
the cause of death fur this particular individual, or if a logical genus 
is given inslead of the proper species. 


Ly imunediate or proximate case is meant the cause which di- 
rectly of without any intermediary produces the effect. This require- 
ment excludes: 


a. Any cause which is logically higher than the immediate ciass 
of being to which the effect belongs, such as the genus matead of the 
species, This case was excluded also by the term ‘proper’. 


b. Any cause which ontologically does not produce the effec 
immediately, but is separated from the effect by intermediary causal 
links. lor instance, if a certain bacteria or virus is indicated as the 
cause of a certain disease, ot if a certain discase is yiven as the cause 
of fever. Usually, however, this ontological distance is not considered 
to be an objection as long as the other requirements are fulfilled, 
especially that of ‘convertibility’, which we will consider in the next 
paragraphs. 


By adequate cause is meant a cause which is neither too narrow 
nor too wide. This condition excludes any cause which is either 
more restricted or more extended than the effect. 


a. The assigned cause is too narrow if it applies only to a part 
of the cases in which the effect in question occurs. For instance, 
if the equilateral nature of a triangle is given as the reasun why in 
such a triangle the bisectors or the medians are concurrent, for the 
same is true of all triangles; or when man’s mortality is proved from 
his composition of body and soul, jor plants and animals also are 
mortal. 

If too narrow 2 cause is assigned, the axiom “if the cause is 
posited, the effect is posited” will be valid, but not the reverse. 


b. The assigned cause is toa wide if it cavers more than the truce 
cause so that a further specification is needed to indicate the true 
cause, Without chis specification, the effect could be different. Al- 
though the assigned reasen is necessary, H is not sufficient. This 
mistake is made, for instance, when in explanation af the fact that 
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the diagonals of a rhombus cross perpendicularly one pives Me reason 
that this figure is a parallelograin; or when life is inclicated as the 
reason of sensation in an animal, for, although life is necessary for 
sensation, it is not sufficient because plants also live but do not sense. 
Im general, this condition is violated when the logical genus is given 
instead of the species. 

If too wide a cause is assigned, it will be (rue that the effect 
demands the assigned cause, but not reversely that the assigned cause 
itself has this effect, However, a cause which is too wide may be 
used in a negative proof, in the sense that, if this cause is nat present, 
then certainly this effect will not be present (cf. Section V, no. $). Hor 
example, if a body is not living, it certainty cannot have sensation. 


‘Canverhibuity’ of Cause and Hffect. Convertibtlity may be con- 
sidered as the criterion of the adequacy of a cause, ie. the assigned 
cause must be connected with the effect in question in such a way 
that this effect demands the cause assigned and that this cause itself 
produces this effect. H a cause satisfies this criterion, it will be the 
proper cause. However, att ontological distance of cause and effect, 
as mentioned above, is not excluded. 


2. The Pactual Proof 


According to the deseripuiot given above, the factual praat is an 
argumentation which reveals the actual existence of a relationship, 
without however giving auy actual insight tuto the reason for the 
relation, In such a proof knowledge arises from a logical cause 
which does not necessarily coincide with the ontolegical cause of the 
thing known. Several groups of actuad procs may be classified under 
this general description, 


a. Proofs Giving Certainty Concerning Actual Baxistence. Such 
are, for instance, proofs far the actual occurrence uf a Iistorical event 
ar the existence of a historical person, the actual existence of things 
in nature or the rewity of a given relation, A proof of this type pre- 
supposes a certain atnorint of tuderstanding of that whose existence 
one wants to prove. lf, far example, in physics one wants to establish 
that there actually are mesons and neutrinos or an ether, one has 
to possess an idea of what is meant by these terms. However, pro- 
found knowledge or distinct ideas are not necessary. It ts sufficient to 
have a clear idea, ie. one which makes it possible to distinguish the 
object in question from others. Thits it will often be possible to 
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derive from the nature of phenomena a vague kind of knowledge eva- 
cerning the attributes which their supposed cause must lave, and 
these attributes will be sufficient to distinguish the subject exercising 
this causality from all others. Once the existence of the case is 
known, efforts can be made to arrive at a better knowledge cf its 
nature and thus make its definition possible. 


b. Proofs From General or Remote Causes. The reasons put 
farward in such a proof do not satisfy the required condition of the 
causal proof that the adduced causes be proper and immediate (cf. 
no. 1). Examples: to conclude to the death of this individual 
from the fact that man in general is mortal; or, if a certain Cisease is 
given as the cause of fever. 


c. Proofs From Effects or Properties. These proofs are based 
upon the principle of causality or that of sufficient reason, For 
instance, to conclude from smoke to fire or from fever to sickness. 

Many proofs which give certainty concerning actual existence 
will have to proceed from effects or properties. As an example one 
may point also to the proofs for the existence of God which conclude 
frotn the existence of a world to that of God. Although in this case 
the effect is not proportionate to the cause, nevertheless it ts pxssibte. 


to conclude with certainty to the existence of an extramundane cause 
endowed with certain attributes. 


d. A Simultaneo Proofs. hese proofs establish the existence of 


of another thing which is connected with the first of necessity aud 
sinvultaneously (cf. Sect. IV). 


IV. A PRIORE, A POSTERIORI, A SIMULTANEO, AND 
CIRCULAR PROOES 


AA proof is called a priori, @ posteriori or a simultuineo according 
as the known datum which is the starting point is ontclogically or in 


the order of being prior to, posterior to, or simultaneous with the 
unknown consequence, 


The A Priori Proof. This proof reasons from what is ontologically 
prior to what is ontologically posterior, A reasoning process af this 
kind occurs when one argues from cause to effect, from ussence ta 
properties, or from species to individyal. Thus it will be an @ priori 
proof if one conchides from God’s wisdom to the existence of order 
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to its properties, The term ‘a priori proof! is used also in reference to 
the application of a taw or thesis to a particular instance. 

The g priori proof is used in procedures which follaw the syn- 
thetic method, described above, in Chapter VIL (Sect. (1, no. 23, 


The A Postertort Proof. Proofs of this kind argue from what ts 
ontologically posterior to what is ontologically prior, ie. frean effect 
to cause, from properties to essence, ete. This type of proof is used, 
for instance, when one deduces the nature of a disease: fram its symip- 
toms; the existence of God from that of creatures; or the presence of 
man in a geological periad from the cliscavery of toals in ihe geoloxical 
strata formed during that period. 

The @ posteriori proof is used in scientific procedures which use 
the analytic method, described above, in Chapter VIL (Sect. 11, 
no. 1), 


The A Simulianeo Proof. In this proof one coneludes from the 
existence of one thing to that of another which jis of necessity can- 
nected with the first, without either ane being subordinated to the 
other as to its cause of ontological foundation. Both have a common 
foundation in something else; they are two sides or aspects of the 
same thing. For example, the right and feit side of a symmetric abject; 
the body structure anu psychical disposition of man; the facilities of 
thinking and willing in a spiritual being; or the corpuscular and wave 
character of matter. With respect to the lasi example, it is passible 
to deduce from certain data concerning the wave character of matter 
conclusions regarding the qualities which refer ta its corpuscular 
nature, and vice versa, 

The # priori proof is more perfect than the @ posteriori prooi 
because it indicates the rcason for the conclusion, although this 
reason is not always the immediate reason. In an @ priori proof 
the premises are better known than the conclusion, net only with 
respect ta man, but also in themselves, Le. they express che innner 
intelligibility of the abject in question, [n an @ posterior: prant, 
on the other hand, the premises are better known only with respect 
to man. 


A priori proofs are predominant in philosophy and mathematics, 
while a postertor? proofs prevail jn the sciences of experience, 


The Circular Proof. A circular proof is a campound argument 
which successively proceeds a posteriori and a privrt, In the frst 
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stage of this proof, one starts from a datum or effect which is more 
or less known and fron: it progresses to its cause, endeavoring to 
obtain a more profound knowledge of this cause through the use 
of auxiliary procedures. Next, one proceeds a priori from the cause 
which now is better known and tries to gain a better insight inlo 
the effect, For instance, from the order of the universe a conelasiun 
is drawn concerning the existence of an extramundane icing en- 
dowed with an intellect. Then efforts are made to arrive, by ancats 
ot other considerations, at a more profound understanding of tlis 
Being, and finafly the better knowledge of the cause of the order is 
used to obtain a mtore perfect insight into this order itself. 

Such a circular proof is not a vicious circle. A vicious circle 
arises when from A one concludes to B, and from B again to A, as 
for instance, Plato, without adding in cither case any new arguments, 
‘proves’ in the Theaetetes the spirituality of the soul from its imn- 
mortality, and in the Pkaede the soul’s immortality from its sptritu- 
ality. 

The circular proof is only apparently a circular reasoning process. 
The conclusion of the first stage is taken as the starting point of the 
final stage only after it has been rendered clearer and more sectite by 
means of other reasons. As examples of correct circular proofs, the 
folowing tnay be considered. The inunortality of the soul can be 
proved from its spirituality, and from this immortality, as established 
by means of other data, one may conclude to the soul’s spirituality. 
The divine origin of the Church can be established from Seripture, 
used as a historical and human document, while starting from the 
Church, known by other means as a supermatural and infallible In- 
stitution, the divine origin of Scripture may be established. 

Retution of this Division to that into Causal and Factual Proofs. 
An a@ prieré proof is a causal proof if it starts from the proper and 
bmmediate cause, but a factual proof if it begins with a general or 
tore remote cause. An @ posteriori or a sinvudtamee proof, on the 
other hand, is always a factual proof, 

The causal proof is always an @ priori proof because its starting 
point is the ontological foundation of the conclusion. A factual proof, 
on the other hand, is an a priori proof if it proceeds from what is on- 
iologically prior, such as (remote) causes, but an @ posterzvrt proof 
if it starts from what is ontologically posterior, such as effects. 

Purely logical causes, which are neither causes of being not 
virtual causes, terminate always in @ posteriori knowledge and there- 
fore may be used only in factual proofs, 
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¥. THE INDIRECT PROOF 


A proof is direct if it immediately establishes the point to be 
’ proved. There is no need to discuss it here because ail our preceding 
considerations referred (a this kind of proot. The direct prooi may be 
-*. causal or factual, a@ priert, a posteriori or a sitiittancy. 
' A proof is indirect if it immediately establishes something else 
than the point to be proved, hut in such a way that this point follows 
from it. Several types of indirect proofs may be distinguished, The 
indirect proof usually is less perfect than the direct proof because, as 
a tule, it shows merely that the relationship must be as asserted, but 
not why it has to he so. Im other words, it is only a factual proof. 
We say “as a tule”, because there is one exception, which may be 
called the indirect proof in the narrow sense. This proof is ay ade- 
quate causal proof, as we will see in the following paragraph. 


1. The indirect Proof in the Narrow Sense 


By this term we mean a proof which does net immediately show 
the point to be established but something else which is equivalent 
to it. Mathematics provides examples of such a proof in its study of 
loci. For instance, one can shaw that no point outside the locus satis- 
fies the required conditions hy showing thac every point whicl: satisfies 
these conditions is situated on the locus, In this exaingle the conclu- 
sion established is perfectly equivalent to what had to he established. 


2. The Proof by Exclusion 


The exclusion praof shows that all, except one, uf the theoretical 
possibilities have to he rejected hecause they contradict other data. 
In schematic form this preof is as follows: Given is #. ‘To be proved 
is A. Proof: A priori there are three possibilities, 4, 8, C. But if 
Bis, P is not; if C is, P is not. Therefore 4 is. 

Obviously, such an argument by exchision has demonstrative 
yalue only if the cnumeration of theoretical possibilities is complete, 
In other words, the major premise must he a complete disjunction, 
Hence it is necessary to have a clear insight into these possibilities, 
This kind of proof is often fruitic] ju tnathematies, where such an 
insight usually exists, but uther seteuces also mike use of it. 


3, The Proof by Reduction to Absurdity 


This proof, too, dees net directly establish the assertion which is 
to be denionstrated, but proves that the deniat of this assertion leads 
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either to absurd consequences or to the comradiction of trae and 
certain dala, accepted axtonis or postulates, 

An exanipie of the first alternative is provided by the proof of 
the freedom of will from the absurd consequences of determinisin 
which would make the moral order inipessible. 

The second alternative may be schemattzed as follows. Given is 
A, To be proved is B. But to deay 2 leads to the denial of 4. There- 
fore B is. Such proofs from absurdity are often used in matbeaxtics ; 
for instatce, the corresponding angles on twa parallel lines are equal. 
for the devial of their equality would contradict the accepted postulate 
of parallel lites. 

Other sciences also make use of sitnilar forms of argumentation, 
‘Thus, for example, some have thought it possihle ta conclude from 
the dimensions and proportions of Cheops’ pyramid that the Egyp- 
tians at that time had already reached a very high level of mathe- 
rnatical knowledge. However, this conclusion has to be rejected be- 
cause it contradicts other established data which point to a relatively 
low level of mathematics, 

We may finish with the remark that the proof from absurdity may 
be reduced to the proof by exclusion because in practice it amounts 
to the exclusion of one of two contradictory alternatives. 


4. The Proof from Silence 


This form of argunientation, which is often used in historical 
sciences, endeavors to show that a disputed event did not take place 
or that an allegedly historic person or thing fas never existed. In 
such an argument reference 1s made to historical sources which should 
have mentioned the disputed event if it did take place are silent can- 
cerning it, or that authors who must have been informed about the 
matter am] should have mentioned it do not refer to the event, person 
or object, Hence me silence of these sources is considered to be an 
argument in favor of the non-existence or non-occurrence of the 
disputed point, Obviously, great prudence is necessary in arguments 
of this kind, which can never give more than a degree of probability. 

As an example we may point to the disputes concerning the 
authenticity of the Holy Shroud of Turin, Many argue against it 
by pointing out that the Shroud is nut mentioned before the end of 
the Crusades in the fourteenth century and that in preceding centuries 
nat a single author speaks about it, even when he could reasonably 
be expected to da sa. 
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5. The Proofs Against Opponents 


Under the general term of ‘indirect proofs’ may be classified alsa 
relative proofs, which are proofs against opponcits. Ju these prouts, 
one’s proper assertion is not established, but arguments are acduced 
to show a) either that the view of opponeuls, whether real or imagi- 
nary, who deny what is assertecl cannot at all be proved (aegutie 
proof); b) or that the premises of the opponeiis jead to consequences 
which they themselves do not want to accept (proof ‘ud hesitinen’). 


a The Negative Proof, In the negative proof, ane does not estal- 
lish one’s own assertion, but shows that there is vot a singte reasonable 
argument in favor of the view taken by the adversary and therefore 
no reasoii to deny one’s own assertion. 

Such a proof will be more efficacious if it can be shown that there 
wauid have to be a definite proof in case the opposite of the assertion 
is true and that this proof is lacking. 

For example, the assertion that animals do not have an intellect 
cannot be proved directly from experience. Usually, it is impossible 
to prove from experience that something is wholly ahsent. tlowever, 
it may be pointed ont that the opposite view cannot be given any valid 
foundation and that in case animals had an intellect their bebavior 
would have to mauifest it. But as a matter of fact, aniral behavtor 
does not reveal any genuine intellect. Moreover, one can point to the 
absurd consequetices following from the admsission of an mitellect in 
animals, 

It is possible to use the proof from silence as a negative proof 
against opponents. Nevertheless, great care has to be takeu test the 
efficacy of the argument from silence be exaggerated. 


b, The Argument (dd Hominem’. This argument has direct 
value only insofar as it induces the upponertt to cease his attacks 
and thus indirectly increases the strength of one’s own position. 

Tn such an argument the starting point hes in the prennises of 
the opponent--- whether these premises be true, doubtiul or false—- 
and one shows that they lead to a conclusion which contradicts either 
the opponent's view or his way of acting. 

A well-known example showing an opponent's contradiction of 
his own views is that against scepticism. If one cannot be certain 
of anything whatsoever, then it is impossinle to be certain of the 
principle that everything is to be doubted. Thus the very founda- 
tion of scepticism collapses. 
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An example in which the opponent's own way of acting provides 
an argument is had when it is pointed out to a philosophical de- 
terminist that his own behavior constantly shows his own inner 
conviction that he freely determines his activity. 


VE THE ARGUMENT FROM AUTHORITY 


1. General Considerations 


In the preceding sections we considered maittly argumentations 
which are based upon insight and therefore convincing tor anyone 
who is able to acquire this insight. Iowever, it will not aiways 
be possible to possess such an insight with respect to the starting 
point of an argument, especially when this starting point contains 
data concerning an actual event or situation or expresses a truth 
which cannot be understood by the human intellect. The Inst case 
occurs if a truth, revealed by God, concerning something which 
surpasses man’s intellect serves as the starling point of a theutogical 
argument, Accordingly, in such an argument reliance is placed upon 
God's authority. In the first case, on the other hand, where actual 
events of the natural order are considered, one will have to rely 
upon the authority of men in atl instances in whieh one cauaat 
personally observe the facts, such as historic events of the past ant 
also many facts and events pertaining ta the physical sciences. In 
a similar way, one will often be forced to accept scientific theses upon 
the authority of others, without having a personal insight, because 
no one is able to acquire all knowledge through personal research, 
whether it be for lack of time or of intellectual ability. 

Accordingly, there is ample justification for a consideration of 
the yalue of arguments from authority in a book devoted to the 
philosophy of science. 

Generally speaking, the use of arguments from authority is cer- 
tainly not unreasonable and even perfectly rational, provided thal 
ceftain requirements be met. Jet us consider these requirements. 


2, Requirements of the Argument from Authority 


Tor convenience sake we will call the one upon whose authority 
we nust rely the communicator, and that which is accepted upon 
his authority the communication. To accept upon authority is also 
called to believe, In addition, we assume here that the original cumi- 
munication is made known to us without any intermediaries, To 
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be rational, reliance upon autherity with respect te direct evumniaica- 

_ Hons requires that the following conditions he fulfilled. 
1. It must be certain that the communicator has made the com- 
munication in question. This communication may have been given 


* directly to us orally or iv writing or be contained im a written docu- 
ment, 


2. It must be certain that the communicator possessed] the nee- 
essary knowledge anid insight and that be did not make a sustake. 


3. Tt must be certain that the comeaunicator cid not tiend to 
deceive, i.e. his trustworthiness must be definilely established. 


4. It must be certain that the interpretation one gives to the 


“: “communication agrees with the intention of the communicator. 


| a Truth Revealed by God. With respect to truths revealed by 
' God, the second and third condition are beyond discussion hecause 
. they cannot not be fulfilled, But it remains to be proved that God 
has really made the conumunication 1 question and aiso that our 
interpretation of tt is correct. The first condition is concerned with 
the proof of a historical event. It has to be established by historico- 
critical methods and touches also the proliem of intermediaries who 
transmit the communication, The question of interpretation is a 
problem of exegesis. Because of the special diffcaltics involved in 
our lack of insight into such truths, an authentic exegesis will often 
be necessary. For the definitive determination of revealed truths 
and their authentic interpretation we are referred to the teaching 
authority of the Church which Christ has founded for this purpose. 


bh. Communications of Afon. Any cammunication of san whtch 
$8 offered to us as to be accepted upon authority must satisfy the four 
requirements. 


Regarding the first requirement, as a cule, there wil he little 
diffculty if the communication in question is of a recent date. Ju 
the case of conununications mace in the distant past, there may be 
special difficulties, which have toa be solved through a historteal 
investigation, 

With respert to the second requircmeat, a distinction is necessary. 
If there is question of the sinaple observation of a fact or event, it has 
to be certain that the counmmicatur was capable of observing it. If, 
on the other hand, the matter concerned was a scientific statement, 
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for which perhaps a long and complex experimental juvestigation was 
required or difficult theoretical speculations, then it must be definitely 
established that the communicator possessed the required inteilectual 
capacities and other necessary micans. In general, it wilt be possibte to 
accept, without objection, communications if one is convinced that 
the communicator is an ‘authority’ with respect to the subject iu 
question. Nevertheless, one must always lake into atcnunt the pos- 
sibility that hutnan communicators are subject (a errors frecause of 
hisutficient keenness of setise powers or intellectual capacity and 
sometimes also because of influences coming from man’s emotional 
life. Such influences often result in an unconscious ane-sidedacss 
of view and the overlooking of difficulties. In cultural sciences one’s 
view of tife or general philosophic position will often lead ta an in- 
correct interpretation of the facts. 

Concerning the third requirement, m general, it may Le pre- 
supposed that there is no intention to deceive. Nevertheless, because 
of human frailty deliberate deception is a distinct possibility which 
cannot be wholly excluded. Historic cases of intentional Fraud teach 
us to be on guard in this respect. It is possible, for instance, tli 
a defender of a theory, especially in a polemic exchange of views, 
through vanity or in order not to admit error, will deliberately rast 
the tacts to make them fit the theary. Incidents of Us kind haye 
occurred in the past, Accordingly, it is imperative to he on guard 
against it in discussions. 

The danger of deliberate deception is especially great in the 
cultural sciences, specifically in history, 11 which so much depends 
upon the personal interpretation af the author. The last few decades 
have witnessed jarge-scale falsification of history in certain tctali- 
tarian States, where the ruling powers decided what youth had to 
be taught conceming histary. Oceasionally, even physical sciences 
have become the victims cf this method. 

With reference to ihe fourth requirement, often it will not be 
casy to satisfy it, especiatiy if the communicator himself has not 
clearly stated his meaning. In such a case recourse must be had 
to other means, which, however, often do not allow more than a 
probable opirtion. Here, too, there is great danger that the interpreta- 
tion will be guided too imuch by one’s persenal views and desires, 
so ihat often much will simply be put into the communicator’s mouth. 
Difficulties of interpretation will occur especially with great frequency 
in the reali of the cultural sciences. We will have an opportunity 


ig 
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to revert to this point in our study yf the objectiviiy uf cxperrential 
sciences in the second volume, 


3. Communications Through lutermediaries 


If the communication has not heen laid down in writing by the 
communicator himself or has not heen dircctly spoken to us by him, 
we will be dependent upon intermediaries whio received the com- 
munication and transmitced it to us either orally er in writing, Such 
intermediaries must satisfy ccviain requirements, which practically 
coincide with those af the counnaivatir, 


1, It must be certain that the intermediary transits the com- 
munication upoti the authority of the original communicator, 


2. The intermediary does not need to have av insight iuto the 
communication, but it must he certain that he knows the original 
“communication and that he did not err in transmitting it, 


3. It must be certain that the intermediary did uot deliberately 
falsify the communication. 


4. The interpretation of the coumtunication given: hy the inter- 
mediary is irrelevant unless it expresses the proper interpretation of 
the original communication. 


These demands would seem to be clear enough without any fur- 
ther comment. If they are met, we do not rely upon the authority af 
the intennediary but upon that of the ariginal communicator, ie. in 
the case of divine Revelation transmitted through intermediaries, upon 
the authority of God; and in the case of Intiian communications, that 
of man. 

Regarding the case of divine Kevelation, it will Le necessary to 
show by historico-critical means that the above demands are met. 
In this case, these intermediaries wili be mainly the authors of the 
New Testament. The required argumentation is ustially set forth in 
that part of degmatic theology which is catled ‘praewmbiuia Fide’. 
It is beyond the scope of this work to enter into this question, 


4. Valine of the Argument from Authority 


The so-called argument frorm authority is nol a proof and as such 
does not result in an insight. As seon as in one way or another an 
insight is acquired, the truth im question will be accepted because of 
this msight and no longer upon authority. 
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With respect to divine Authority (Scripture and Tradition}, the 
revealed communication in its right interpretation is true beyond 
doubt and absolutely certain; hence it is able to serve as the itcdisput- 
able starting point of the supernatural science of theology, Divine 
Authority often is the only possible way to arrive at certainty mm 
theological matters. 

Regarding human authority, if the requirements are wet, the com- 
munications in question will supply a valuable contribution to natnral 
science--‘natural’ being taken here in opposition to ‘supernatural’, 
In general, however, one may say that such conmanications do uot 
have more authartty than their original source. Hence the scientine 
authority of the communicator must always be taken into con- 
sideration. 

Moreover, in diffeult problems, such as those of philosophy, the 
possibility of error cannot be discounted, not even with respect to 
the most expert communicator. Accordingly, in human sciences the 
so-called argument from authority is the lowest and weakest of all 
because it lacks the strength of inner evidence, Nevertheless, it would 
be foolish to reject absolutely all authority and everything that has 
come dewn from the past through tradition, as was done by Francis 
Bacon and Descartes, and to accept only that which can be acquired 
through personal insight. 

On the other hand, there are also cases on record in which author- 
ity has heen too firmly adhered to and its utterances accepted without 
discrimination, Examples of stich an unlimited reverence for authority 
were found among the Pythagorians, who wanted to cut short every 
discussion with a simple “Jpse dixit’’, (the Master has said it) ; also 
among many Aristotelians, especially in the Middle Ages, who did 
not dare to accept anything which went against the view of Aristotle, 
“The Philosopher”. The reproach of such a slavish following of 
Aristotle is often addressed to Albert the Great and Thomas Aquinas, 
but unjustly so. Both resist precisely the uncritical acceptance of 
Aristotle's sayings. “Aristotle is no God but a fallible man’, said 
Albert. Thomas often quotes the opinions of Aristotle and other 
authoritive authors, both pagan and Christian, but he uses then only, 
after serious examination, as a confirmation or illustration of his own 
view. He is not infiuenced by misplaced reverence, “Itarmonuy, which 
is an effect of charity, consists in a union of hearts anc not of views"? 
He never considers authority as the criterion of scientific certainty, 
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 Authoritive communications are quoted fy lin as the opinions i 
others aud distinguished frona true philus:plical arguments. 
_ Asa general rule, it is good to make use of the results achiever 
by our great predecessors and to vive them a respectful hut also 
ritical reception. Jn niatters where we ourselves through our coi 
- + fesearch cannot arrive at certainty, the authority of others who are 
“better qualified offers support and provides a basis for a proiable 
opittion or even certainty $f all required cunulicious are periectl; 
fulfilled. 
In our own era of specialization, i which it has iecome inmossihle 
"for one nan to arrive at something eves remotely resending the per 
‘ sonal mastery of all sciences, appeals lo the authority of others are 
often made far tao easily. Without any critique, adherence is fre- 
- quently given to whatever may be found in encyclopedias, texthooks 
and popular scientific works, Moreover, there is a strong teudency 
“to accept as true and certain all utterances of a great man of science, 
even when they refer to questions outside the realm af his speciatiza- 
- don; eg. when a capable physicist speaks abant philosophy or 
religion. In this matter, it will he well ta keep iu mind the warning 
given by Husserl: 


When it is really physical science which speaks, we will gladly 
listen and as respectfully as juniors. But it is not always physical 
science which speaks whet physicists speak, and certainly sot 
when they speak about “Philosophy of Nature” aud “The Scier- 
tific Theory of Knowledge”? 


Bideen gu einer reinen Phaenomenologie und phaenomenologischen Philoso- 
phie, Halle, 3rd ed., 1928, vol. 1, p. 38; also Hasserliana, yol. 111, The Hague, 
1930, p. 46. 
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